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G E N E R A L  I N T R O D U C T I O N
B E N E R A L  I N T R O D U C T I O N
Surface active agent is the name given to tiie class of
compo'unds which reduces the surface tension of water and the
interfacial tension of the aqueous solution against a mineral
oil. A large number of compounds belong to this category,/
They are naturally occuring substances, like proteins, saponins,
clay lientonite, glue, egg white, giams, aisi other organic
colouring matters and synthesised ones, like, sopps, alkyl
sulphates, sulphonates, quarternary ammonium compounds, ethylene
glycol poly ethers, poly glycerols, etc. Almost all of them
have been put to a number of uses in industry and technology.
The well known cases are the use of soaps as water proofing,
wetting and emulsifying agents and so also their uses in dyeing,
bactericides, ore dressing, solubilization, etc. Recently
kamada and Mutsumoto”* have described the use of these compounds
in the preparation of pharmaceutical products, while Hirose
2and Mitani have used them in the refining of Au, Ag, Hg, Te,
Se, etc. Besides the importance of surface active agent is
being gradually realised in allied sciences, like, soil
3 4 5 6chemistry , medicine , biochemistiy and biology ,
1
Synthetic surface active agents are normally divided 
into tv/o classes, namely ionic and non-ionic. Of the tvro, the
former have undergone farther subdivision into anionic and 
cationic surface active agents, de]|^ ending upon the charge 
which the large hydrophobic part attains when brought into 
solution. It is this long elongated hydrophotic part which is 
mostly responsible for donating surface active properties and 
all investigators in the field of colloid science agree to the 
presence of aggregated ions in their aqueous solutions,
A large number of brilliant^physical ehemists l^ke
7 R  ' 9 1 0 '  11Me Bain , Lottermoser°, Hartley , Wright and Ralston , had
remained associated with fundamental work on solution of soaps 
and related compounds, Amongst them the most notable contribu­
tion is that of McBain, who for the first time, \-rith the help 
of physical methods, showed the existence of micelles in 
solutions and also introduced the term critical micelle 
concentration on the basis of his research on the conductivity 
of alkali metal soaps. Me Bain*s concept of the existence of 
various kind of micelles, in solutions was, however, criticised 
by Hartley who considered the existence of only one kind of
micelle. His work found support in the investigations of 
12Harkins , with the only difference tliat Harkins’ micelle was
cylinderical in shape, while those of Hartley was spherical
ones, The existence .of micelles in tiie solutions of dyes
like methylene blue, congo-red, benzopurpurin, etc. has been
13-17shown by many workers. •
18—22A number of physical methods, namely, conductivity, " 
surface tension^^, viscosity^^, refractometry^^, turbidimetry^^
27 2.9, 29spectrophotometry freezing point , Osmotic pressure ,
30 31 32vapcim* pressure*^ , solubility , partial molal volume ,
33 34dlpblemoment * etc, have been employed by different -workers
to study their physico-chemical behaviour. Recently Few and
Ottewill^^ used spectrophotometrie method for the determination
3 6of cationic detergents, while Tamamushi and Shiara meassured
the electrophoretic mobility of micelles of long chain amine
37li^drochlorides* Baccareda, Baldacci and Danusso sa\t their
38effect on ultrasonic velocity. More recently colichman
39introduced the polarographic technique, while Boyd used 
tracer technique for the study of micelles in such compounds.
40There are certain phenomena which provide indirect 
evidence of micelle formation in solutions of surface active
41compounds. Physico-chemical methods like, spectrophotometry
42 43 44X-ray diffraction , turbidimetry , surface tension have been
used by many workers to study the phenomenon of solubilization,
45-47Different theories have been proposed from time to time
48to explain the mechanism of solubilization. Me Bain 
introduced ttie term cosolvency to a process in which a substance; 
becomes soluble in a mixture of two liquids when the same 
substance is not soluble in each of them separately.
The affinity of surface active agents towards big
molecules like proteins^^, polymers^*^, or small molecules like
51 52dyes and simple metal ions is also worthconsidering.
Recently Misch, Berstein and McDonald had studied the 
influence of surface active agents on the permeability of a
P^ . -‘•cathode. The interaction of copper with dodecyl sulphate
52 54have been studied by schulman , Recently Ottewill had
studied the effect of surface active substances on the stability
of hydrophobic sols, while Bogoyavlenskii studied their effect
on thixotrobic setting of ferric hydroxide hydrosols, A number
56of interesting problems like the nat^e of the micelle existing
5 7 5ftformation of complexes , me tachromacy seem to emerge out
from studies on the interaction of dyes with surface active
agents.
The thermodynamic functions of some of these compounds
have also been a matter of concern to some vrorkers. Stauff 
59and Rasper determined the free emergy of adsorption of
dodecyl polyglycerols, while the activity coefficient of many
60surface active substances were determined by Scholberg . 
Hutchinson^^ had studied the E.M.F. of the cell.
Hg/HCKm-i), C^2H25^3C1 (m2>AgCl/Ag 
at different temperatures, to see micelle formation and to 
calculate temperature dependence of the cell.
The effect of surface active agents on various 
electrochemical processes is another worthmentioning problem.
62Maluli* s and Bodnevas described a rule for change in the 
cathode polarization in deposition of metal in presence of 
surface active substances while Kheifets and Kaasikov^^ have
53
seen the effect of surface active substances on the overvoltage 
for the liberation of .hydrogen on platinum. Levin and 
coworkersstudied the effect of these compounds on the 
electrode potentials of Gu and Zn electrodes, they further 
found that a shift in the electrode potential occurs in such
systems. Lose® and Kabano\^^tudied the adsorjjtion of surface
\ ^
active substances on an iron electrode.
Surface active agents play an important role in
polarographic analysis, Meits^^ studied the suppressive action
of a number of, surface active agents like gelatine, dodecyl,
hexadecyl trimethyl ammonium bromides, sodium laurate, Triton
66X-100, agar, etc,, whereas Zuman studied the effect of 
barbituric acid and their derivatives in the suppression of 
oxygen maximum, Reilley^^ and Smoler had studied the effect ' 
of surface active agents on polarographic currents. Badinand
69and Boucherle showed that the Inhibiting power of polyethylene
glycols decreased with the increase in itie length of the carbon
70chain, Kolthoff had recommended the use of poly-acryl amide 
as maximum suppressor in the case of rotated dropping electrode
71Capitanio and Pittoni studied the suppression coefficient 
of sulpho-naphthyl stearic acid and lauric acid, while many
others have studied the effect of surface active substance
72-74 75on the rate of mercury drop, ’ Holleck and Exner had
shown that these compounds exerted an appreciable influence
on the mechanism of reduction of nitro compounds at the droppin
mercury electrode, Stromberg^^ had studied the effect of
camphor on tiie electrode process of cadmim-amalgam electrode,
77while Silvestroni had shown that the half wave potential
of oxygen shifted to more negative value by the presence of
these compounds. The effect of various surface active
compounds on the reduction wave of copper has been the subject
78 "*79of extensive study by a number of workers like Kemula, '
80Shwab (Effect of monohydric alcohols on the maximum), and 
Kolthoff (more reversible nature of copper wave in perchloric 
acid medium in the presence of surface active substances).
More recent work includes the polarographic behaviour of
82 83fatty acids and quarternary pyridinium salts , the effect
84of surface active agents on the maxima of anions , inorganic 
85ions , behaviour of some such compounds at the dropping
86mercuiy electrodes at different frequencies , and the research
87of Doss and coworkers on the effect of gelatine, acetone,
thymol blue, etc., on the capacity of the double layer. The
88latter author also studied the behaviour of bromocresol purpl 
blue, b^romothymol blue ani cetyl pyridinium bromide at the 
dropping mercury electrode in order to see their effect on
pothe capacity of the double layer. More recently Chaki had
studied the effect of these compounds in oscillography
90polarography vAiile Hagi had studied the effect on the
++ +•+ ++ +chronopotentio grams of Cu ' , Pb , Cd and Bi in various/
supporting electrolytes 1
Another class of soaps which are equally important
but have attracted lesser attention are called heavy metal 
soaps, which differ from the above discussed compounds in the 
sense that they are insoluble in water but show, enhanced 
solubility in non p61ar solvents. This property, namely, 
their solubility in non polar solvents make these compounds
91-93technically quite important Many a fundamental
problems 'id.th such compounds remain iminvestimated . Amongst 
these the most important ones are (i) their structure,
(ii) physico-chemical changes involved during their 
solubilization, (iii) their characterisation, and
(iv) application of physico-chemical methods to determine the 
metal ion content.
The work described in this thesis deals with the short 
resume of the work on surface active compounds described in 
the proceeding pages. It may be seen that enough scope 
exist for more comprehensive investigations in this particular 
branch. The class of compounds known as Twichelts reagent 
have almost ©scaped the attention of workers engaged in 
researches on colloidal electrolytes and this is equally 
true for Isothioureas and related compounds. Heavy metal 
soaps like Cu"*"^ , Ni"^ ", Co^^ and Zn^ "* myristates and palmitates 
etc., also require a more systematic approach in order to 
understand the intricacies accompanying their dissolution 
in non-aqueous media. It was therefore thought worthwhile 
to study some salient features of these compounds. The work
8described in the thesis deals with the following:
(i) Use of sulphonated phenyl, tolyl, and xylyl stearic 
acid, dodecyl pyridiniuia ’bromide and I so thiourea dodecyl 
ether hydrobromide as maximuin suppressors in polarographic 
analysis,
(ii) Determination of critical micelle concentration of 
the al30Ve compounds using polarographic, conduc tome trie, 
and turbidimetric methods.
(iii) Spectrophotometrie studies on the interaction of the 
above compotmds with some dyes. .
(iv) Application of some instrumental methods like 
polarography and spectrophotometry to heavy metal soaps.
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C H A P T E R  I,
Some Anionic and Cationic soaps as maxliaa 
suppressors in Polarographic analysis.
14
The appearance of maxima in polarographic waves is a well 
known phenomenon and inspite of the fact that conflicting views 
persist regarding their origin,^ ^  experimental data related
with problems like, the existence of positive and negative
7 8 3 9"12maxima , maxima of the second kind , their reproduc-nibility *
the shape of the maxima visa vis the composition of the electro­
lyte s o l u t i o n ^ t h e  factors controlling their height^’ 
etc,, open several new fields of investigations both of 
fundamental and applied importance. To quote some thing relevant 
to the main theme of the chapter, reference may be made to the 
problem of maximum suppressors, their suitability in various 
electroreducible processes at the dropping mercury electrode, 
their subsequent use in analytical work and in ascertaining the 
physico-chemical properties of the substances employed for this 
purpose.
Traces of both capillary active and capillary inactive 
substances, non-electrolytes and charged colloids may be employed 
for the suppression of maxima in polarographic waves, A variety 
of compounds kad been cited in the literature and the long list 
includes materials like gelatine, agar, glue, peptones, gum 
arabic, methyl cellulose, starch, naphthol, thymol, methyl red, 
fuchsin, nigrosin, cationic, anionic and non-ionic soaps etc. 
However only a few of them, gelatine, methyl red and Triton 
X-100 have found universal use. Gelatine with its manifold 
advantages has got one great drawback, viz., its limited
15
applicability in non-aqueous media* On the other hand methyl 
red inspite of its superiority over gelatine in as far as its 
stability is concerned, has many disadvantages, namely, ttie 
appearance of both anodic and cathodic waves due to its presenc( 
and its reported inability to suppress the negative maxima
26completely. Recently Miets had recommended the use of Triton
27X-100 for this purpose while Kolthoff and Okinaka found 
polyacrylamide a useful substitute for both tiie conventional
OQand the dropping mercury electrodes. Zuman introduced 
thiobarbiturates for suppressing the oxygen maximum and also 
the anodic maximum of ascorbic acid.
Polarographic maxima, although undesirable from the point
of view of the waves as such, find varied applications in the
field of analytical chemistry, Waterman^^ made an ingenious us«
of this property in studying carcinogenic and non-carcinogenic
hydrocarbons while Heyrovsky and coworkers employed it for testj
30 31natural and synthetic Vinegar and Honey • Since the nature
of the maximum is very largely influenced by the presence of sm?
amounts of surface active materials, many workers have employed
32-35this property in testing the purity of Water or in
36 37determining blood cholestrol , Vavruch found that amorphous
penicillin could suppress the polarographic maxima forty times
more actively than the crystalline variety. Some such properti<
38of surface active agents as their wetting power and critical
39jaicelle concentration had also been studied on the basis of 
maxima suppression studies*
16
Prom tiie facts presented In the preceeding paragraph it 
is evident that of the many substances employed as maximum 
suppressors relatively lesser attention has besi paid to soap 
solutions. It is especially true for anionic soaps belonging 
to sulphonated aryl stearic acids. Cationic soaps too have not 
been fully investigated and the few references wortii mentioning 
are those of Tamamushi and Yamanaka^^ and Colichaan^^ on the use 
of dodecyl pyridinium bromide and cetyl and lauryl trimethyl 
ammonium bromides respectively as maxima suppressors. The 
studies described in this chapter deal with the following
*aspects of the problem (i) the use and relative merits of the
hitherto uninvestigated anionic (sulphonated phenyl, tolyl and
xylyl stearic acids) and cationic (isothiourea dodecyl ether
hydrobromide) soaps in suppressing the maxima of simple and
complex metal ions (ii) the use of dodecyl pyridinium bromide
in suppressing the maxima of simple and complex ions mentioned
under (i). The latter investigations were uixiertaken to have a
more fuller view of the effect of dodecyl pyridinium bromide on
40polarographic waves than described by Tamamushi and Yamanaka .
17
E X P E R I M E N T A L
1• preparation of Surface active agents
Sulphonated phenyl,tolyl and xylyl stearic acids (SPSA,
STSA and SXSA) respectively were prepared by the method of
41Stirton and covorkers. The conditions were as follows:
Oleic acid and hydrocarbon (benzene, toluene or m-xylene) 
were condensed in presence of anhydrous A3.GI3 to aryl stearic 
acid. The hydrocarbon; oleic acid ratio was 6 to 1, that of 
AlCI^: oleic acid was 1.07 to 1. The reaction mixture was heated 
at 80°C for 4 hours, and was then hydrolysed with dilute 
hydrochloric acid. It was then allowed to stand on a steam bath 
for several hours. The oily layer formed was separated and washei 
with hot water. Excess of hydrocarbon was recovered by steam 
distillation. Distillation was continued for thirty minutes 
with superheated steam. The oil was then distilled at reduced 
pressure (0.1-0.5 mm of mercury). In this way the aryl stearic 
acid \^ as prepared. The aryl stearic acid (1 mole) was added 
gradually, with continuous agitation to H2S0^ (8 moles), and then 
heated at 80°C for an hour. The monosulphonated product was 
isolated by diluting the solution with water, the oily layer 
was taken and shaken with ether, this ethereal solution was 
extracted with water. The aqueous layer was evoporated to 
dryness. Sulphonated aryl stearic acids thus obtained are thick 
viscous liquids. Their solutions were prepared by dissolving 
in double distilled water and their strengths determined by 
titrating pH-metrically with KOH solution of known strength.
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Dodecyl pyridinium bromide (DPB) was prepared' by the 
method recomnended by Ames and Bo-wmann^, Dodecyl bromide 
(12 gms) was heated with pyridine A.R# (4 gma) at 150°C for an 
hour in a round bottom flask fitted with a water condenser for 
one hour. The mass crystallises out on cooling. This was 
recrystallised twice with ethyl methyl ketone. On recrystallisati 
large colourless needles of 1-dodecyl-pyridinium bromide 
monohydrate (m.p. 74-75°C) were obtained. The crystals were 
kept in a vacuum dessicator. The solution of dodecyl pyridinium 
bromide was obtained by dissolving a known amount in double 
distilled water.
Isothiourea dodecyl etJier hydrobromide (IIEH) was prepared
43by the method described by Baudelin and Tuschhoff • Equimolar 
quantities of dodecyl bromide and thiourea were refluxed in a 
round bottomed flask at 130-140° for about 4 hours in toluene. 
Excess of toluene was removed, and the resulting isothiourea 
dodecyl ether hydrobromide was recrystallised twice with petroleui 
ether (b.p. 90-91°C). The solution of isothiourea dodecyl ether 
hydrobromide was prepared by dissolving a known amount in double 
distilled water.
2. Preparation of salt solutions; Solutions of nickel 
chloride, cobalt chlAride, copper sulphate, lead nitrate and 
cadmium iodide were prepared by dissolving A.R. samples in double 
distilled water (all glass). The strength of the solutions were 
determined by the usual methods. Solutions of potassium nitrate,
19
chloride and iodide were also prepared with A.R. samples. 
Pyridine used in studying the polarograms of Co^ "^  -Ni"^  ^mixture 
was obtained after distilling the A.R. sample. Glycine used 
was of B.D.H. product, while biuret was prepared in this 
laboratory^^,
3. Apparatus and Technique: Polarographic measurements were
carried out with a Lange’s Polarometer, Model 3, No. 46 in 
conjungtion with a Multiflex galvanometer (Type MGF2) in the 
external circuit. Dropping mercury electrode was used as the 
cathode where as saturated calomel electrode the reference 
electrode. Triple distilled pure mercury was used throughout 
the measurements. Nitrogen (purified by passing through an 
alkaline solution of pyrogallol and chromous chloride) was passed 
in the cell to maintain an inert atmosphere. All the experiments 
were carried out at 25 t 0,1°C using a water thermostatic bath 
(Townsen and Mercer Ltd), pH measurements in the case of copper 
biuret complex were carried out with the help of Beckman pH meter 
model H2 *
4, Procedure: A knovm volume of liie metal salt solution was
taken in the polarographic cell, the supporting electrolyte was
*
added and the total volume made upto 20 or 25 cc. after adding 
requisit amount of water. The solution was saturated with pure 
nitrogen and polarograms were than taken. The polarometer 
sensitivity, and galvanometer sensitivity were kept at x5 and 
1 : 1 0  respectively. The drop time was made constant between
20
3 to 4 seconds. This very procedure was repeated in presence 
of varying amount of surface active agent. Observations under 
the later condition were continued until the maxinium could be 




Polarograms of 0.005M Pb(N03)2 in 0.2M KNO^ in 
























0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.4 31.0 31.0 27.5 25.2 25.0 24.0 24.0
0.5 93.5 90.0 88.0 90.0 80.0 80.0 77.5
0.6 152.5 147.5 145.0 140.0 110.0 82.5 80.0
0.7 90.0 85.0 82.5 80.0 80.0 80.0 80.0
0.8 90.0 85.0 82.5 80.0 80.0 80.0 80.0
0.9 90.0 85.0 82.5 80.0 80.0 80.0 80.0






Polarograms of 0,005M NiCl2 ^  ^  presence of






u r r 
‘2
1.67
e n t 
3
4.90




0.5 0.0 0.0 0.0 0.0 0.0
0.7 1.5 1.0 1.0 1.0 1.00.8 8.0 7.0 8.2 8.0 8.0
0.9 34.5 46.0 36.7 29.7 31.21.0 86.0 80.0 70.0 62.0 60.0
1.1 102.0 75.0 70.0 65.0 65.01.2 65.0 62.0 65.0 60.0 59.0
1.3 65.0 62.0 65.0 58.0 57.51.4 65.0 62.0 65.0 58.0 58.0






•u r r 
7
23.50






0.5 0.0 0.0 0.0 0.0
0.7 1.0 1.0 1.0 1.00.8 8.5 5.0 6.0 1.0
0.9 36.0 21.0 34.5 14.01.0 60.0 45.0 53.5 33.0
1.1 63.0 60.0 58.5 50.01.2 57.0 55.5 54.5 52.5
1.3 57.0 55.5 54.5 52.51.4 57.0 55.5 54.5 52.5




Polarograms of 0,003M C0CI2 in 0,1M KCl in presence of
different concentrations of SPSA (Order 10“%).
Applied C u r r e n t  (0.2uA)
Potential 1 2  3 4 5 6
in Volts. 24.0
0,0 0.0 0.0 0.0 0.0 0,0 0.0
0,4 0.5 0.5 0.5 0.5 0.5 0.5
0,5 0.5 0.7 0.7 1.0 1.0 1.0
0,7 0.7 1.0 1.0 1.0 1.0 1.0
0,9 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.5 2.0 1.5 1.5 1.5 1.5
1.1 3.5 4.5 3.0 3.0 3.0 3.0
1.2 18.5 17.0 13.5 12.0 11.5 11.5
1.3 48.0 ' 44.5 38.0 35.5 33.0 31.0
1.35 62,0 58.5 42.5 39.0 35.0 34.0
1.4 37.5 40.0 34.5 34.5 35.0 35.0
1.5 37.5 38.0 35.5 35.5 35.0 35.0




Polarograms of 0.002M CoClg - 0.002M NiCl2 in 0.5M pyridine
and 1M KCl in presence of different concoitrations of SPSA
(order 10
Applied C u r r e n t C  0,2 iiA )
potential 1 2 3 4 5 6 7in Volts.
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.5
0.6 0.0 0.0 0.0 0.0 0.0 0.5 0.5
0.7 0.0 0.5 0.5 0.5 0.5 0.5 0.5
0 . 75 1.5 2.0 2.0 2.0 2.5 2.5 2.5
0.8 17.5 17.0 17.0 16.5 16.5 15.5 15.5
0.9 21.5 20.5 21.0 21.0 20.5 20.0 19.0
1.0 22.0 22.0 22.0 22.0 21.5 20.5 20.5
1.1 62.2 58.5 50.0 46.0 39.0 37.5
1.15 90.0 85.0 75.0 70.0 55.0 50.0 A2.5
1 .2 75.0 85.0 42.0 41.5 42.0 40.5 40.0
1.3 54.0 44.0 43.5 43.0 43.0 42.0 41.5
1.4 53.5 50.0 44.5 45.0 45.5 45.0 45.0




Polarograms of 0.0025M Cd-Ig in 0,2M K-I in presence of
different concentrations of SPSA (order lO’ M^)
C u r r e n t C  0,2 UA )Applied
potential 1 2 3 4 5 6 7in Volts*
none 4,90 7.39 12.10 16.90 19.20 23.80
0.30 - 6.0 - 7.0 -7.0 -7.0 -7.0 -7.0 -7.0
0.40 - 0.5 - 0.5 -0.5 -0.5 -0.5 -0.5 -0.5
0.50 - 0.5 - 0.5 -0.5 -0.5 -0.5 -0.5 -0.5
0.60 - 0.5 - 0.5 -0.5 0.0 0.0 0.0 0.0
0.70 27.0 23.5 23.5 21.5 21.5 21.5 22.0
0.75 50.0 42.0 40.0 38.0 32.5 31.0 31.0
0.80 31.5 31.5 31.5 31.5 31.0 31.0 31.0
0.90 31.5 31.5 31.5 31.5. 31.0 31.0 31.0
1 .00 31.5 31.5 31.5 31.5 31.0 31.0 31.0
( Fig. 5 )
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Table 6.
Polarograms of 0.002M CuSO^. 5H2O in 0.01M biuret at pjj 12.1
-5in presence of different concentrations of SPSA (order lO-'^ M^)
C u r r e n t (  0,2 vLk )Applied
potential 1 2 3 4 5 6 7in volts,
none 1.9 3.5 5,5 9.8 13.6 83.3
0.0  - 8.0  - 8.0  - 8.0  - 8.0  - 8.0  - 8.0  - 8.0
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.30 2.0 2.0 2.0 2.0 2.0 2.5 2.5
0.40 9.0 9.5 9.5 9.5 9.5 9.5 1.0
0.45 13.0 13.5 13.5 13.5 13.5 13.5 13.0
0.50 15.5 16.0 16.0 16.0 16.0 16.0 14.0
0.55 25.0 26.5 26.25 25.5 25.0 24.0 15.0
0.60 31.5 23.0 22.5 21.5 21.0 I9 .O 16.5
0.65 17.5 17.5 17.5 17.5 17.5 17.5 16.5
0.70 17.5 17.5 17.5 17.5 17.5 17.5 16.5
0.80 17.5 17.5 17.5 17.5 17.5 17.5 16.5
0.90 17.5 17.5 17.5 17.5 17.5 17.5 16.5
1.00 17.5 17.5 17.5 17.5 17.5 17.5 16.5
( Pig, 6 )
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Polarograms of 0,0015M CuS0|^,5H20 in 0.01M Potassium glycinate 
and 0.1M KNO^ in presence of different concentrations of 
SPSA (order 10"%)
Table 7.
C u r r e n t C  0.2 uA )Applied
potential 1 2 3 4 5 6 7 8in Volts.
none 2.40 4.90 7.38 9.80 12.00 14.50 16.
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
0.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
0.20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
0.30 7.5 7.5 7.5 7.5 8.0 8.0 8.5 8
0.35 18.5 18.5 18.0 18.0 17.5 17.5 18.0 18
0.40 37.0 34.0 28.0 32.0 26.0 25.0 24.0 21
0.42 - - - 31.0 29.5 21.0 21,0 21
0.45 55.0 52.0 hS.5 21.0 21.0 21.0 21.0 21
0.46 59.5 56.0 52.0 21.0 21.0 21.0 21.0 21
0.47 62.5 59.0 21.5 21.0 21.0 21.0 21.0 21
0.50 21.0 21.0 21.0 21.0 21.0 21.0 21,0 21
0.60 20.5 20.5 21.0 21.0 21.0 21.0 21.0 21
0.70  ^ 20.5 21.0 21.0 21.0 21.0 21.0 21.0 21
( Pig. 7 )
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Maxima. SHpares^lon by Sulphonate.d IsolYl Stearic Acid (STSA)
Table 8.
Polarograms of 0.01M Pb (NO^)^ in 0.25M KNO^ in presence 
of different concentrations of STSA (order 10”%)
C u r r e n t ( 0,8 uA )Applied
potential 1 2 3 4 5 6in Volts.
none 2.430 3.221 4.961 7.879 23.800
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.10 0.0 0.0 0.0 0.0 0.0 0.0
0.30 0.0 0.0 0.0 0.0 0.0 0.0
0.40 9.5 9.5 9.0 9.0 9.0 9.0
0.45 - - - 22.5 23.0 20.5
0.50 39.5 31.5 30.0 27.0 27.0 27.0
0.55 26.0 26.5 26.5 29.0 28.0 27.5
0.60 26.0 27.5 27.5 27.5 27.5 27.5
0.70 26.0 27.5 27.5 27.5 27.5 27.5
( Fig. 8 )
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Table 9,
Polarograms of 0.002M Pb in 0.1M KOI in presence
of different concentrations of STSA (order 10 M^)
C u r r e n t ( 0,2 uA. )Applied
potential 1 2  3 4 5in Volts. none 2.430 3.221 4.961 12.1
0.0 0.0 0.0 0.0 0.0 0.0
0.30 0.5 0.5 0.5 0.5 0.5
0.40 6.0 6.0 6.0 6.0 6.0
0.45 15.0 15.0 15.0 15.0 15.0
0.48 39.0 35.0 34.5 32.0 32.0
0.50 30.0 32.0 32.0 32.0 32.0
0.55 32.5 32.0 32.0 32.0 32.0
0.60 32.0 32.0 32.0 32.0 32.0
0.70 32.5 32.0 32.0 32.0 32.0




Polarograms of 0.005M NiCl^ in 0.2M KCl in presence of






















0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.8 0.0 0.5 1.5 1.5 1.5 1.50.9 1.5 3.5 4.0 3.5 5.0 5.01.0 12.5 17.0 16.5 18.0 19.0 19.51.1 40.0 44.0 45.0 36.5 46.5 47.51.2 53.5 54.0 54.0 52.5 51.5 51.01.3 72.5 57.0 54.0 55.0 54.0 53.01.4 85.0 80.0 56.0 52.5 50.0 49.51.5 50.0 47.5 49.0 47.5 46.5 47.01.6 46.5 46.0 47.5 47.0 47.5 47.0
1.7 46.5 46.5 47.5 49.0 47.5 47.0
C u r r e n t ( 0.2 uA )Applied
potential 7 8 9 10 11 12in Volts 14.5 19.20 23.8 32.71 45.0 56.01
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.8 1.5 1.5 1.5 1.5 1.5 1.50.9 5.0 5.0 5.0 2.5 2.0 2.01.0 19.0 20.0 27.5 20.0 5.5 3.51.1 47.0 47.0 47.5 47.5 28.5 25.01.2 50.5 50.0 50.0 48.0 45.0 42.51.3 52.0 51.0 50.0 50.0 45.0 ^.51.4 49.0 49.0 47.5 47.0 45.0 H.51.5 46.5 46.5 45.5 44.0 45.0 44.51.6 46.5 46.5 45.5 44.0 45.0 44.51.7 46.5 46.5 45.5 44.0 45.0 44.5
( Fig. 10 )
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Table 11.
Polarograms of 0.005M C0CI2 in 0.2M KCl in presence of 
different concentrations of STSA (order 10 M^)
Applied C u r r e n t ( 0.2 uA )potential 1 2 3 4 5 6 7in Volts none 2.43 4.961 7.879 12.1 16,900 21.500
1.00 0.5 0.5 0.5 1.0 1.0 2.0 2.01 .10 2.5 4.0 7.0 8.0 6.0 8.0 5.01 .20 13.0 16.0 28.0 28.5 25.5 25.5 23,51 .30 44.0 47.5 45.5 45.5 43.0 48.0 42.51 .40 90.0 90.0 80.0 80.0 76.0 74.0 74.01.50 43.0 42.5 42.5 42.5 43.0 43.0 43.01.55 43.5 42.5 42.5 42.5 43.0 43.0 43.01 .60 43.5 i^.5 42.5 42.5 43.0 43.0 43.0
1.70 43.5 42.5 A2.5 42.5 43.0 43.0 43.0
C u r r e n t ( 0.2 UA )Applied
13potential 8 9 10 11 12in Volts. 30.5 45.00 56.01 62.95 82.99 107.8
1.00 1.5 1.5 1.0 1.0 1.0 1.01.10 4.0 4.0 3.0 3.0 3.0 3.0
1.20 20.5 8.0 8.5 8.5 8.5 8.51.30 39.0 28.5 27.5 25.0 25.0 25.01.40 72.0 65.0 62.0 60.0 56.0 43.0
1.50 43.0 43.0 43.0 44.0 44.0 44.0
1.55 43.0 43.0 43.0 44.0 44.0 44.01 .60 43.0 43.0 43.0 44.0 44.0 44.0
1.70 43.0 43.0 43.0 44.0 44.0 44.0
( Fig. 11 )
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Table 12.
Polarograms of 0.002M C0CI2 - 0.002M KiClg in 0.5M pyridine 
and 1M KCl in presence of different concentrations of STSA 
(order
C u r r e n t (  0,2 uA )Applied
potential 1 2 3 4 5 6 7in Volts. none 2,43 4.961 9.800 14.50 19.20 23.8
0.50 0.0 0,0 0.0 0.0 0.0 0.0 0.0
0.60 0.0 0.0 0,0 0.0 0.0 0.0 0.0
0.70 0.0 0.0 0,0 0.0 0.0 0.0 0.0
0.80 11.0 11.0 11.0 9.0 10.5 10,0 10.5
0.85 17.5 11.0 17.5 16.0 16.0 15.5 15.0
0.90 18.0 18.0 18.0 16.5 16.0 16.0 16.0
1 .00 18.0 18.0 18.0 . 17.0 17.0 17.0 16.0
1.10 44.5 44.5 37.0 35.0 34.0 31.5 30.0
1.15 71.0 71.0 65.0 47.0 45.0 36.0 32.0
1.16 75.0 75.0 65.0 50.0 - 32.0 32.0
1.2 • 75.0 38.0 70.0 35.0 35.0 32.0 32.0
1 .3 31.0 38.0 35.0 35.0 35.0 32.0 32.0
1.4 39.0 38.0 36.0 35.0 35.0 32.0 32.0
( Fig. 12 )
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Table 13.
Polarograms of 0.0025M Cd-I^ in 1,0M K-I in presence of 
different concentrations of STSA (order 10 %),
C u r r e n t C  0,2 laA )Applied
potential 1 2 3 4 5 6 7 8in Volts,
none 2,43 4.961 7.879 9.800 12.10 1 6.90 23.80
0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.70 1.5 2.5 2.5 2.0 1.5 2.0 1.5 1.5
0.75 16.0 14.5 15.5 15.5 15.0 15.0 13.5 14.0
0.80 38.5 28.0 34.0 34.0 29.0 25.0 23.0 23.0
0.85 55.0 42.0 38.0 35.0 32.0 25.0 23.0 23.0
0.90 30.0 30.0 28.0 27.0 27.0 23.0 23.0 23.0
1.00 30.0 30.0 28.0 27.0 27.0 23.0 23.0 23.0
1.10 30.0 30.0 28.0 27.0 27.0 23.0 23.0 23.0
( Fig. 13 )
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Table 14,
Polarograms of 0.0025M CuSO^. 5H2O in 0.025M biuret at pH 12,1
In presence of different concentrations of STSA (order 10”^)
C u r r e n t C  0,2 uA )
Applied
potential 1 2  3 4 5 6
in Volts.
none 12.15 24.75 39.35 49.00 60.5
0,00 -7.0 7.0 -7.0 -7.0 -7.0 -6.5
0,10 0,0 0.0 0.0 ■ 0.0 0.0 0.0
0,20 0,5 0.5 0.5 0.5 0.5 0.5
0,30 1.0 1.5 1.5 1.5 1.5 1.5
0,40 5.5 6.0 6.0 6.0 6,5 6,5
0,50 14,0 15.0 15.0 15.0 15.0 14,5
0,60 30,0 29.5 26.0 23.5 23.0 21,0
0,65 32,0 31.0 24.5 21.0 21,0 21,0
0.70 27.5 23.5 22.5 21.0 21,0 21,0
0,80 22.0 22.0 21,0 21,0 21 .0 21,0
0,90 22.0 22,0 21,0 21.0 21.0 21,0
( Fig. 14 )
TOi,;..: ijlf iy'^) £«xJk C»j<^e- /jWjujrl-s <>4- ■•< 
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Table 15.
Polarograms of 0,0015M CuSOj;^ - 5H2O in 0.01M Potassium glycinate
and 0.1M KNO3 in presence of different concentration of STSA
(order 10 ^M),
C u r r e n t C  0.2 uA )Applied
potential 1 2 3 4 5 6
in Volts. ^2.15 24.75 39.35 49.00 60.50
0.0 0.0 0.0 0.0 0.0 0.0 .0,0
0.10 1.0 1.0 1.0 1.0 1.0 1.0
0.20 1.0 T.O 1.0 1.0 1.0 1.0
0.30 5.0 5.0 5.0 5.0 5.0 5.0
0.40 18.0 19.0 19.0 17.5 16.5 16.5
0.45 23.5 22.0 19.5 19.0 20.0 19.5
0.50 27.5 21.5 21.5 21.0 21.0 20.0
0.60 20.0 20,0 20.0 20.0 20.0 20.0
0.70 20.0 20.0 20.0 20.0 20.0 20.0
0.80 20.0 20.0 20.0 20.0 20.0 20.0
( Fig. 15 )
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Maxima auppresslon by Sulphonated Xylyl Stearic Acid
Table 16.
Polarograms of 0.01M Pb (N0^)2 in 0.25M KNO^ in presence of 
different concentrations of SXSA (order
C u r r e n t C  0,8 tiA )Applied
potential 1 2 3 4 5
in Volts, none 12,40 2.430 4.961 12,100
0,0 0,0 0.0 0.0 0.0 0.0
0,30 0,0 0,0 0.0 0.0 0.0
0,40 5.0 5.0 5.0 5.0 5.0
0,45 16,0 16,0 16.0 16.0 16.0
0,50 42,0 38.0 35.0 30.0 29.0
0,55 30,0 30.0 31.0 31.0 31.0
0,60 30,0 3®.0 31.0 31.0 31.0
0,70 30,0 30.0 31.0 31.0 31.0
5 Fig, 16 )
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Table 17.
Polarograms of 0.005M PbCNO^)^ in 0.2M KCl in presence of
-5different concentrations of SXSA (order 10 M),
C u r r e n t (  0,8 uA )Applied
potential 1 2  3 4 5
in Volts, none 1.242 2.430 4.961 12.100
0.0 0.0 0.0 0.0 0.0 0,0
0.10 0.0 0.0 0,0 0.0 0,0
0.20 0.0 0.0 0.0 0.0 0,0
0.30 0.0 0.0 0,0 0.0 0.0
0.40 5.0 5.0 5.0 5.0 5.0
0.45 25.0 17.5 21,0 15.0 16.0
0.47 28.5 25.0 18,5 17.5 17.5
0.50 . 17.5 17.5 17.5 17.5 17.5
0.55 17.5 17.5 17.5 17.5 17.5
0.50 17.5 17.5 17.5 17.5 17.5
0.70 17.5 17.5 17.5 t7.5 17.5




Polarograms of 0.005M NiCl^ in 0.20M KCl in presence of






















0,0 0,0 0,0 0,0 0.0 0,0 0,0
0,8 0,0 0,0 0.0 0.0 0.0 0,0
0.9 0,0 1.0 1,0 1.0 1,0 0.51.0 8,5 11,0 11,0 10,5 9.0 9.0
1.1 30,0 36,0 36,0 34.0 33.0 33.01.2 46,0 47.5 48.0 45.5 47.0 45.51.3 48,5 46.5 47.0 46,0 47.0 44.0
1.35 - 52,0 46,5 47,0 46,5 47.01.4 65,0 47,5 46,0 44,5 42,5 41.5
1.5 41,5 42,0 41,5 41,5 41,5 41.51.6 43,5 42,5 41,5 41,5 41,5 41.5














( 0.2 uA ) 11
56.010
0,0 0,0 0,0 0,0 0.0 0.0
0,8 0,0 0,0 0,0 0,0 0,0
0,9 1,0 1,0 0.5 0.5 0,11,0 10,5 7.5 3.5 2,0 1,0
1,1 37.5 31,5 24.5 15.0 11,01,2 47.0 42,0 42,5 37.0 36,5
1.3 45.0 45.0 45,0 43.5 40.0
1.35 45.0 45.0 42,5 41.5 40.01.4 40,5 42,0 40,0 40.0 40.0
1.5 41,0 40.0 40,0 40.0 40,01.6 41,0 40,0 40,0 40.0 40.0
1.7 41,0 40.0 40.0 40.0 40.0
( Fig. 18 )
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Table 19.
Polarograms^f 0.0025M CoClg in 0.1M KCl in presence of 


















1.0 2.0 1.0 1.0 1.0 1.01.10 2.5 2.0 2.0 1.5 1.01.20 3.0 4.0 5.5 7.0 2.01.30 15.5 16.0 18.0 19.0 8.01.40 32.0 32.5 32.5 30.0 21.01.50 58.0 55.0 53.0 52.0 45.01,60 25.0 £5.0 25.0 23.0 23.0
1.70 25.0 25.0 25.0 23.0 23.01.80 25.0 25.0 25.0 23.0 23.0
C u r r e n t ( 0.2 uA )Applied
8potential 6 7 9 10in Volts. 23.8 28.30 32.70 41.20' 56.01
1*0 1.0 1.0 1.0 1.0 1.0
1.1 1.0 1.0 1.0 1.0 1.01.2 2.0 2.0 2.0 2.0 2.0
1.3 6.5 5.5 5.0 3.5 5.01.4 25.0 19.0 18.5 16.5 19.5
1.5 42.0 39.0 37.0 35.0 25.01.6 13.0 24.5 25.0 25.0 25.0
1.7 13.0 24.5 25.0 25.0 25.01.8 13.0 24.5 25.0 25.0 25.0




Polarograms of 0.002M C0CI2 - 0.002M NiCl2 in 0.5M pyridine and
1M KCl in presence of different concentrations of SXSA (order 10"^ h
C u r r e n t C  0,2 uA )
Applied
potential 1 2 3 4 5 6 7 8
in Volts, none 2,43 4,961 9.800 14.5 19.20 23.$ 32.71
0.50 0,0 0.0 0.0 0.0 0,0 0,0 0.0 0,0
0,60 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
0.70 0.5 0.5 0.5 0.5 0.5 0,5 0,5 0,5
0.80 13.5 14.0 13.0 12.5 13.0 12.5 12,0 10.0
0.85 16,0 17.0 15.5 15.5 15.5 15.5 15.5 14,0
0.90 16,0 16,5 16.5 16.0 16,0 15.5 15.5 15.0
1 .00 17.0 17.0 16.0 16.5 16,0 16,0 16.0 15.5
1.10 49.5 43.0 37.5 36.5 35.0 32,0 30,0 27.0
1.15 ■ 73.0 64,0 45.0 42,0 31.0 30,0 30,0 30.0
1,20 31.0 31.0 30,0 30,0 30,0 30.0 30,0 30,0
1,30 33,0 31.5 32.0 32,0 30,5 30.0 30,0 30,0
1,40 33.0 32.5 32.0 32,0 30,5 30.0 30,0 30,0
( Fig, 20 )
41
Table 21.
Polarograms of 0.0025M Cd-l2 in 1,0M K-I in presmce of 
different concentrations of SXSA (order 10"^M),
C u r r e n t (  0*2 \xk )
Applied
potential 1 2 3 4 5 6 7 8
in Volts. none 2.430 4.961 7.879 9.800 12.100 16.900 23.8C
0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.7 2.0 2.0 2.0 2.0 2.0 1.5 1.5 2.0
0.75 15.5 14.0 14.0 14.0 14.0 14.0 14.0 14.0
0.80 35.0 34.0 27 JO 25.0 25.0 24.0 24.0 24.0
0.85 55.0 25.0 24.0 24.0 24.0 24.0 24.0 24.0
0.90 25.0 25.0 24.0 24.0 24.0 24.0 24.0 24.0
1.00 25.0 25.0 24.0 24.0 24.0 24.0 24.0 24.0
1.10 25.0 25.0 24.0 24.0 24.0 24.0 24.0 24.0
( Fig. 21 )
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Table 22.
Polarograms of 0.0025M CuSO^ *^ in 0.25M biuret at pH 12,1
in presence of different concentrations of SXSA (order 10*"^),
C u r r e n t C  0,2 nA )Applied
potential 1 2 3 4  5
in Volts, ^2,15 24,75 39.35 49.00
0.0 -6.5 -7.0 -6.5 -7.0 7.0
0.10 0.0 0.0 0.0 0.0 0.0
0.20 0.0 0.0 0.0 0.0 0.0
0.30 1.5 1.5 1.5 1.5 1.5
0.40 5.5 6.0 5.5 ^.5 5.5
0.50 15.0 15.0 13,5 13.5 13.0
0.60 31.0 26.0 23.5 22.0 20.0
0.65 38.0 26.5 21,0 21.0 21.0
0.70 33.0 21.0 21.0 21.0 21.0
0.75 22.0 21.0 21.0 21.0 21.0
0.80 22.0 21.0 21.0 21.0 21.0
0.90 22.0 21.0 21.0 21.0 21.0
1.00 22.0 21.0 21.0 21.0 21.0
( Fig. 22 )
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Table 23.
Polarograms of 0.0015M CuSO^ j; SHgO in 0.01M Potassium glycinate
and 0.1M KNO3 in presence of different concentrations of SXSA
(order 10 "^M).
C u r r e n t C  0.2 uA )
Applied
potential 1 2 3 4 5 6
in Volts. none 12,15 24.75 39.35 19.00 60.50
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0
0.3 5.0 5.0 5.0 5.0 5.0 5.0
0.4 20.0 18.5 17.5 15.5 15.0 14.0
0.45 30.0 17.0 17.0 17.0 16.5 15.5
0.50 38.0 18.5 17.5 17.0 16.5 16,0
0.55 '16.5 16.0 16.0 16.0 16.0 16.0
0.60 16.5 16.0 16.0 16.0 16.0 16.0
0.70 16.5 16.0 16.0 16.0 16.0 16.0
0.80 16.5 16.0 16.0 16.0 16.0 16.0
0.90 16.5 16.0 16.0 16.0 16.0 16.0
1.00 16.5 16.0 16.0 16.0 16.0 16.0
( Fig. 23 )
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Maxima suppression bv Dodeevl pyT»ia<h:fambromide
Table 24,
Polarograms of 0.01M Pb(H0^)2 in 0.25M KNO^ in presence 
of different concentrations of DPB (order
ti r r e n t ( 0,2 uA ) 
Applied
potential 1 2 3 4 5 6
in Volts. 12,46 2.487 3.720 4.950 6.172
0,20 0.75 0.75 0.75 1.0 1.0 1.0
0.30 1,0 1.0 1.0 1.0 1.0 1.0
0.35 6.0 7.0 6.0 5.7 5.5 5.5
0,40 29.0 30,5 28.0 31.0 25.0 26.0
0.45 65.5 68.0 67.0 70.5 60.5 63.0
0.50 170.0 172.0 170.0 180.0 168.0 164.0
0.52 170.0 186,0 182.0 186.0 176.0 172.0
0.55 190.0 188.0 186.0. 186.0 180.0 180.0
0.60 192.0 188.0 ■188.0 186.0 182.0 180.0
0.65 192.0 186.0 188.0 186.0 182.0 180.0
0.70 186.0 186.0 188.0 180.0 182.0 180.0
0,75 186.0 184.0 184.0 180.0 180.0 180.0
0,80 180.0 180.0 180.0 180.0 180.0 180.0
0,90 180.0 180.0 180.0 180.0 180.0 180.0
1,00 180.0 180.0 180.0 180.0 180.0 180,0




Polarograms of 0.01M NiCl2 in 0.25M KCl in presence of





C u r r e n 1
2 3 4 
1.246 2.487 3.720
t ( 0.2 uA )
5 6 
4.950 7.380
0.60 2.0 2.5 2.5 2.0 2.0 2.0
0.80 2.5 3.0 3.5 3.5 3.5 3.5
0.90 3.5 3.5 3.5 3.5 3.5 3.5
0.95 5.0 4.0 3.5 4.0 4.0 4.0
1 .00 14.5 12.5 7.0 5.0 4.0 4.0
1.05 21.5 26.5 14.5 5.0 4.5 4.5
1 .10 54.0 46.5 27.5 9.5 6.5 5.5
1.15 104.0 66.0 41.5 17.8 11.5 7.5
1 .20 126.0 104.0 55.0 27.5 15.0 11.5
1.25 136.0 111 .0 64.0 40.0 25.0 17.5
1.30 130.0 116.0 74.0 50.0 35.0 29.5
1.35 114.0 116.0 96.0 65.0 64.0 60.5
1.40 106.0 106.0 114.0 112.0 110.0 106.0
1.45 106.0 106.0 106.0 106.0 106.0 106.0
1.50 106.0 106.0 106.0 106..0 106.0 106.0
1.60 106.0 106.0 106.0 106.0 106.0 106.0
( Fig, 25 )
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Table 26,
Polarograms of 0.005M C0CI2 in 0,1M KCl in presence of
different concentrations of DPB (order 10"*^ M).
C u r  r e n t e  0,2 uA. )Applied
potential 1 2 3 4 5 6 7 8
in Volts. jjone 12,46 2.487 3.720 4,950 7.380 12.190 23.80C
0.80 0.0 0,0 0,0 0,0 0,0 0.0 0.0 0.0
0.90 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 .00 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
1 .10 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
1,20 12.5 12,5 7.5 6.5 5.0 5.0 5.0 5.0
1.25 30.0 30,0 16,5 13.0 8.0 8.0 8.0 8.0
1.30 48.0 40,5 27.5 25.0 25.0 25.0 25.0 25.0
1.35 104.0 60,0 42.0 41.5 42.5 42.5 A2.5 42.5
1.40 164.0 136,0 65.0 120.0 116.0 112.0 106.0 80-. 0
1.45 176.0 130.0 120,0 110,0 110.0 112.0 106,0 80,0
1.50 80,0 80,0 80,0 80.0 80.0 80.0 80.0 80.0
1 .60 80.0 80.0 80,0 80.0 80.0 80.0 80.0 80.0
1.80 80,0 80,0 80,0 80,0 80.0 80.0 80.0 80.0
( Fig. 26 )
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Table 27.
Polarograms of 0.002M CoCl^ “ 0.002M NiC]^ in 0.5M pyridine
and 1M KCl in j^resence of different concentrations of DPB
(order
C u r r e n t  ( o.2 uA )Applied
potential 1 2  3 4 5
in Volts. ^^246 2,487 3.720 4.950
0.50 0.0 0.0 0.0 0.0 0.0
0.60 1.5 1.5 1.5 1.5 1.5
0.65 1.5 1.5 1.5 1.5 1.5
0.70 1.5 1.5 1.5 1.5 1.5
0.75 2.5 2.5 2.5 2.5 2.5
0.80 25.0 25.0 25.0 25.0 25.0
0.85 26.0 26.0 25.0 25.0 25.0
0.90 26.0 26.0 25.0 25.0 25.0
1.00 26.0 26.0 25.0 25.0 25.0
1.05 30.0 30.0 30.0 30.0 30.0
1 .10 58.0 58.0 58.0 58.0 54.0
1.15 116.0 84.0 64.0 58.0 54.0
1.20 108.0 54.0 54.0 54.0 54.0
1.25 58.0 54.0 54.0 54.0 54.0
1.30 54.0 54.0 54.0 54.0 54.0
1.40 54.0 54.0 54.0 54.0 54.0
1.50 54.0 54.0 54.0 54.0 54.0
( S*ig. 27 )
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Table 28.
Polarograms of 0.005M Cd-l2 in 1.OM KI in presence of
different concentrations of DPB (order 10 J^[).
C u r r e n t C  0.2 uA )
A p p lie d
potential 1 2 3 4 5 6 7 8
in Volts, none 1.246 2.48 7 3.720 4.950 7.380 9.800 14.56
0.40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.50 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.60 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.70 5.0 3.0 3.5 4.0 3.5 3.5 3.5 3.5
0.75 29.0 25.0 24.0 20.5 24.0 23,5 23.5 23.5
0.80 120.0 112.0 104.0 98.0 98.0 96.0 92.0 86.0
0.82 140.0 126.0 120.0 116.0 112.0 96.0 96.0 88.0
0.84 160.0 110.0 108.0 102.0 102.0 88.0 88.0 88.0
0.85 88.0 88.0 88.0 88.0 88.0 88.0 88.0 88.0
0.90 88.0 88.0 88 .0 88.0 88.0 88.0 88.0 88.0
1 .00 88.0 88.0 88.0 88.0 88.0 88.0 88.0 88.0
( Fig. 28 )
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Table 29.
Polarograms of 0.0025M CuSO^ .^5H2Oin 0.02i>fi diux
in presence of different concentration of DPB (order 10 M^)
C u r r e n t C  o.2 \xk )
A p p lie d
potential 1 2 . 3  4 5
in Volts. jione 1^246 2.487 3.720 4.950
0.0  - 20.0  - 20.0  - 20.0  - 20.0  - 20.0
0.10  -  1.0  -  1.0  -  1.0  -  1.0  -  1.0 
0.20 0.0 0.0 0.0 0.0 0,0
0.30 0.5 0.5 0.5 0.5 0.5
0.35 1.5 1.5 U 5  1.5 1.5
0.40 3.5 3.5 3.5 3.5 3.5
0.45 7.5 7.5 7.5 7,5 7.5
0.50 12.0 12.0 12.0 12.0 12.0
0.55 18.0 18.0 18.0 18.0 18.0
0.60 25.0 24.0 24.0 21.5 23.0
0.65 27.5 26.5 25.5 22.5 23.0
0.70 30.0 27.0 26.5 25.0 23.0
0.80 23.0 23.0 23.0 23.0 23.0
0.90 23.0 23.0 23.0 23.0 23.0





Polarograms of 0.0025M CuSO^ - 5H2O in 0.025M potassium glycinate
and 0.05M KNO^ ,in presence of different concentrations of DPB
(order
C u r  r e n t e  0.2 uA )Applied
potential 1 2 3 4 5 6
in Volts. none 1.246 2.487 3.720 4.950 6.172
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.10 0.0 0.0 0.0 0.0 0.0 0.0
0.20 0.0 0.0 0.0 0.0 0.0 0.0
0.25 0.5 0.5 0.5 0.5 0.5 0.5
0.30 4.0 4.0 4.0 4.0 4.0 4.0
0.35 21.5 21.5 21.5 21.5 21.5 21.5
0.40 36.0 36.0 36.0 36.0 36.0 36.0
0.45 50.0 47.5 45.0 42.5 40.0 38.0
0.50 40.0 40.0 38.0 38.0 38.0 38.0
0.55 38.0 38.0 38.0 38.0 38.0 38.0
0.60 .38.0 38.0 38.0 38.0 38.0 38.0
0.70 38.0 38.0 38.0 38.0 38.0 38.0
( Pig. 30 )
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Maxima suppression by Isothiourea dodecyl ether hydrobromlde
Table 31.
Polarograms of 0.001M PbdTO^)^ In 0.2M KNO^ In presence 
of different concentrations of IDEH (order 10 ,
C u r r e n t C  0,2uA )
A p p lie d
potential 1 2  3 4 5 6
In Volts. ^^246 2.487 3.720 4.950 7.380
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.5 0.5 0.5 0.5 0.5 0.5
0.3 0.5 0.5 0.5 0.5 0.5 0.5
0.4 34.0 34.0 32.5 32.5 32.5 30.0
0.45 69.0 69.0 66.0 66.0 66.0 62.5
0.50 220.0 200.0 160.0 160.0 160.0 160.0
0.55 170.0 170.0 174.0 172.0 166.0 166.0
0,60 166,0 166.0 166.0 166.0 166.0 166.0
0.70 166.0 166.0 166.0 166.0 166.0 166.0
0.80 166.0 166.0 166.0 166.0 166.0 166.0
0.90 166.0 166.0 166.0 166.0 166.0 166.0
1.00 166.0 166.0 166.0 166.0 166.0 166.0
( Fig. 31 )
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Table 32,
Polarograms of 0,01M NiCl^ in 0.25M KCl in presence of
different concentrations of IDSH (order
C u r r e n t C  Q.2 uA )Applied
potential 1 2  3 4 5
in Volts. ^^246 2.487 4.950 7.38
0,60 1.75 2,0 1.0 2.5 2.5
0.80 2.5 2.5 2.5 3.0 3.0
0.90 3.5 3.5 3.0 3.5 3.5
0.95 7.0 5.5 4.5 3.75 3.5
1 .00 17.0 13.5 9.0 4.5 3.5
1.05 36.0 29.0 20.5 10.0 5.5
1*10 59.0 50.0 40.0 18.5 10.0
1.15 130.0 72.0 60.0 30.0 15.0
1.20 184.0 122.0 70.0 40.0 22.5
1.25 220.0 130.0 124.0 51.5 29.0
1.30 236.0 124.0 110.0 62.5 39.0
1.35 200,0 120.0 110.0 75.0 50.0
1.40 110.0 110.0 110.0 100.0 65.0
1.50 , 110.0 110.0 110.0 112.0 102,0
1,60 110^0 110.0 110.0 110.0 110,0
1,70 110,0 110,0 110,0 110,0 110,0
C Fig. 32.)
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T a b le J l.
Polarograms of 0.005M C0CI2 in 0.1M KCl in presence of
different concentrations of IDEH (order
C u r r e n t ( 0.2 uA )Applied
potential 1 2 3 4 5 6 7
in Volts. ^^246 2.487 3.720 4.950 6.172 7.380
0.80 1.0 1.5 1.5 2.0 2.5 2.5 2.5
1 .00 1.5 1.5 2.0 2.5 2.5 3.0 3.0
1.05 2.0 2.0 2.0 3.0 3.0 3.0 3.0
1 .10 3.5 3.5 2.5 3.5 3.0 3.0 3.5
1 .15 5.5 5.5 3.5 3.5 3.5 3.5 3.5
1 .20 10.0 10.0 6.0 5.5 4.0 4.0 4.0
1 .25 21.0 21.0 11.5 10.0 7.0 6.0 6.0
1 .30 36.5 36.5 28.0 21.0 16.O 11.5 11.5
1 .35 55.0 55.0 35.0 36.0 30.0 26.0 24.0
1.40 102.0 80.0 66.0 66.0 , 60.0 58.0 58.0
1.45 72.0 72.0 80.0 78.0 74.0 72.0 72.0
1.50 72.0 72.0 72.0 92.0 72.0 72.0 72.0
1.60 72.0 72.0 72.0 72.0 72.0 72.0 72.0
( Fig. 33 )
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Table 34. .
Polarograms of 0.005M Cd-l2 in 1,0M KI in presence of
different concentrations of IDEH ( order 10 %I) *
C u r r e n t C  0.2 iiA )
Applied
potential 1 2 3 4 5 6 7
in Volts. ^^246 2.487 3.720 4.950 7.380 8.599
0.40 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.50 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.60 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.70 2.5 2.5 2.5 2.5 2.5 2.5 2.5
0.75 22.5 22.5 22.5 22.5 22.5 22.5 22.5
0.80 120.0 98.0 94.0 92.0 90.0 82.0 83.0
0.82 136.0 122.0 104.0 96.0 94.0 92.0 88.0
0.84 150.0 114.0 98.0 88.0 88.0 88.0 88.0
0.85 88.0 88.0 88.0 88.0 88.0 88.0 88.0
0.90 88.0 88.0 88.0 88.0 88.0 88.0 88.0
1 .00 88.0 88.0 88.0 88.0 88.0 88.0 88.0
1 .10 88.0 88.0 88.0 88.0 88.0 88.0 88.0
1 .20 88.0 88.0 88.0 88.0 88.0 88.0 88.0
C Fig. 34 )
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Table 35.
Polarograms of 0.0025M CuSO^ < 5H2O in 0,025M biuret at pH
12,06 in presence of different concentrations of IDEH (order 10 ''M)-5,
C u r r  e n t C  0,2 uA )
1 2 3 4 5 6 7 8
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( Fig. 35 )
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Table 36,
Polarograms of 0.0025M CuSOj^.5H20 in 0,025M potassium glycinate
and 0.05M KNO^ in presence of different concentrations of IDEH
(order 10"^M).
C u r r e n t C  0.2 uA )
Applied
potential 1 2 3 4 5 6 7
in Volts. ^^246 2.k87 3.720 4.950 6.172 7.380
0.0
*
0.0 0.0 0.0 0.0 0.0 0,0 0.0
0.10 0.0 0.0 0.0 0.0 0.0 0.0 0,0
0,20 0.0 0.0 0.0 0.0 0,0 0,0 0,0
0.25 0.5 0.5 0.5 0,5 0,5 0,5 0.5
0.30 5.0 5.0 5.0 5.0 5.0 5.0 5.0
0.35 21.0 21.0 21.0 21,0 21 ,0 21.0 21.0
0.40 37.5 37.5 37.5 37.5 37.5 37.5 37.5
0,45 37.0 48.0 45.0 45.0 42,5 40,0 37.5
0.50 37.5 37.5 37.5 37.5 37.5 37.5 37.5
0.60 37.5 37.5 37.5 37.5 37.5 37.5 37.5
0.70 37.5 37.5 37.5 37.5 37.5 37.5 37.5
0.80 37.5 37.5 37.5 37.5 37.5 37.5 37.5
( Fig. 36 )
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D i s c u s s i o n
The polarographic studies, described, in the preceeding 
pages, provide enough evidence regarding the utility of 
sulphonated aryl stearic acids and cationic soaps, like, dodecyl 
pyridinium bromide and isothiourea dodecyl ether hydrobromide 
in suppressing the maximum of simple and complex metal ions. Not 
only they exhibit a behaviour similar to that of ordinary 
maximum suppressors but present certain interesting features 
worth-considering.^ Besides the fact that the compound under 
reference can be advantageously employed to eliminate maxima in 
cases hitherto enlisted as the unsuccessful ones, the most strikir 
point about them is that they exhibit the dual role of suppressing 
both the positive and the negative maxima.
Limitations have been reported regarding the use of
gelatine and other related compounds in eliminating the maxima
occuring in the cadmium-iodide complex and the cobalt nickel
45mixtures. Lingane and Kerlinger found it difficult to suppress
the maxima of cobalt in cobalt-nickel mixture while Kolthoff and
46Lingane encountered the same difficulty vrLth the cadmium iodide 
complex. With these surface active agents, however, it was 
possible to eliminate the maxima in either of the cases. These 
results together with the fact that traces of the compounds are 
enough to suppress the maximum to establish their superiority 
over the existing maximum suppressors.
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A number of factors, like the extent of polarization,
relative adsorbability at the mercury drop, variations in the
size and the shape of the electrical double layer etc, have been
cited to cause the appearance of maximum in a polarographic wave,
it is yet difficult to saj' precisely as to h,ow far these factors
are influenced by the addition of maximum suppressors. Inspite
47of the fact that Keyrovsky has put forward a working rule, 
just like that of Hardy-Schulse for lyophobic colloidal solutions 
in order to show the relative efficacy of different maximum 
suppressors, many exceptions to this generalisation have been 
r e p o r t e d * * T h e  compoimds, under reference, also fall in
the same group and since a comprehensive study has been made
)
with a number of simple and complex metal ions, it is -v/orthwhile 
to critically survey some of the results.
Tables I and II, given below deal with ti'^o characterstic 
properties Maximum Suppression Point and Specific Suppression 
Coefficient Values of maximum suppressors (vide Chapter II) 
while tables II and IV depict the order of these values for 
the different simple and complex ions.
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Thhle I.
Maximum Suppression Point (M.S.F.) of SPSA? STSA, SXSA,DPB 
and IIEH in presence of different ions.
-5Ion or Complex Maximum Suppression Point x 10 M
studied Spgj^  STSA SXSA DPB IDEH
Pb"*^ 17.38 5.62 3.80 5.75 4.89
Ki*^ ^ 43.65 50.12 50.12 6.16 5.75
Co 17.38 120.00 83.18 23.77 6.16
Co^^“ Hi'*’”’mixture 363-10 20.89 20.89 4.78 -
Cd-iodide complex 169,80 15.85 15.85 14.45 8.31
Cu-biuret complex 83.30 12.02 2.81 4.89 34.67
Cu-glycine complex 16.60 5.11 5.11 6.16 6.91
Table II.
Specific Suppression Coefficient (S.S.C.) of SPSA, STSA, SXSA 
DPB and IDEH in presence of different ions.
Ion or Complex Specific Suppression Coefficient x 10"^swuxca SPSA STSA SXSA DPB ims.
Pb"" 7.07 1.77 1.51 3.71 1.49
H r ’ 2.45 3.80 2.5t "m -
7.94 3.98 2.34 1.90
Oo’”^ -lir ■'mixture 158.50 9.12 3.80 1.25 mCd-iodide complex 48.98 4.89 0.11
Cu-biuret complex 15.85 0.18 0.12 2.51 1.99
Cu-glycine complex 7.41 0.16 - 3.02 3-16
Table III. 
Order of M.S.P* Values
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Surface Active agent









Cu-Muret ) Pb^ '*’ ) Cu-glycine Co**^ -Ri'^  ^) Cdf^Ni’*^ Co^^
Cu-biuret ) Pb"*”^ ) Cu-glycine Co'“^ -Ni'‘''^  Cdl]^
Cu-glycine) Pb"^ **) Cu-biuret Co'*"^ )Ni^ *‘>Co"*"^ -Ni‘^'^ ) Cdl^'
Cu-glycine) Pb""^  ) Cu-biuret Co^^)cdI^’“^ N i ^ C o^^-n !^
Cu-biuret ) Cu-glycine') Pb^”^ <^^ 4^" ) Co'^ *) Ni^ *^
Table IV.












Cu-biuret^ Pb^”*^ ^ Cu-glycine Co^”^-Ni^^^CdI^ ^Co^^^Hi***" 
Cu-biuret^Cu-glycine\ Pb^ "*" Co^ ''’-Ni''"^ }co'*’‘^ ) Ni'*"*’
Cdl“ ^ Co'^ -^Ni'*’*^  ^Ni^^^ Co'*’
Pb"*”*) Cu-glycine^ Cu-biuret Co^-^ Co^^-Ni’*”^ 
Cu-glycine) Cu-biuret^ Pb^ "^  Ddl^"
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From the results described in Tables I and III, the 
following additional information concerning the role of maxinmm 
suppressors can be made available,
1. But for a few isolated cases, the amount of the soap 
solution reqiiired to suppress maxima of similar sign is greater 
than for those possessing dissimilar charges. The M.S.P. values, 
especially for the anionic soaps, sufficiently bear out this 
contention. Such a behaviour gives further support to the 
adsorption theory since adsorption is likely to.be hindered
due to the similarity of charges with the result that in the
(
case of negative maxima larger concentration of the anionic soaps 
will be needed than for the cationic one. Moreover, since 
larger assymetry exist between the charge density at the neck 
and the base of the drop, greater would be the streaming of the 
interfacial liquid and larger should be the amount of the 
suppressor required,
2, The fact that larger amount of the suppressor is required
to suppress maxima of like signs finds further support from tiie 
M.S.P. values for complex. In this case since the maximum
occurs just in the vicinity of electrocapillary zero, it can
be expected that the resistance offered to the adsorption of the 
suppressor would be the least with the result that a relatively 
smaller amount of the surface active agent should be used in 
bringing about the desired effect. This is what is actually 
observed in the case of STSA and SXSA,
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3. A close relationship also appears to exist between the 
position of the polarographic wave (with respect to the electro­
capillary zero) and the amoimt of surface active agent required 
for suppressing the maximum. Considering the order of the half 
<wave potentials for positive maxima, Cu-biuret ^ Cu-glycin^ Pb^ j^ 
it would be observed that exactly the same order exists for the 
M.S.P. values in the case of cationic soap IDEH (Table III).
Such a uniformity is all the more vividly realised while 
considering the order of the half wave potentials for the negative 
maxima. Here the order is Co'*^”^ ^  ^ y
which is almost the same as the order of the M.S.P* values both 
for STSA and SXSA.
Exceptions to what has been generalised above have been 
observed. These are especially met with in the case of cationic 
soaps while considering their M.S.P. values visa vis the amount 
required to suppress the positive maxima and so also in the case 
of SPSA when attempt is made to corelate the order of half wave 
potential with the order of M.S.P. values for negative maxima.
The causes to such discrepancies are not very obvious. One 
factor, however, seems to play an important role and, liiat is, 
the readiness with which the ionic micelles are forned. Their 
formation would depend on a certain critical concentration 
arrived at in the soap solution, which in turn would be highly 
influenced by the presence of complex ions (like those present 
in the copper-biuret, copper-glycine or even in cadmium-iodide 
complexes) in the solution, possible interaction between the
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metal ions and the soap, and also on the extent to which the 
suppressor undergoes ionisation. The latter fact should be 
specially taken into consideration in view of the chemical 
characterstics of the compounds under investigation. Thus in 
the case of the series of anionic soaps, SPSA, STSA and SXSA, the 
fl effect may bring about greats ionisation in SXSA and STSA 
in comparison to SPSA thereby helping in the formation of the 
micelles.
While studying the phenomenon of polarographic maxima 
greater stress is usually laid on the physical aspect of the 
whole problem. What we concern ourselves are things like the 
’tlnequal charge distribution at the base and the neck of the drop, 
the extent to which electrons can go deep into the mercury drop, 
variations in the interfacial tension at the mercury solution 
interface etc., but much less is said about the charge distribu­
tion in the aqueous medium. Here one can visualise the existence 
of a diffused double layer (negative maximum-electron density 
larger at the drop surface thereby donating a negative charge to 
the static part of the double layer; positive maximum-electron 
density smaller at the drop surface thereby making the static 
part of the double layer positive), involving a resistance to 
the diffusion of the depolarizer towards the mercury drop. So 
long as the conditions favourable to the appearance of maximum 
exist the diffusion current remains of secondary importance. 
Addition of surface active agent with ions having charge oppositt 
to that of theimer part of the double layer brings about a 
reduction in the zeta potential and hence the height of the
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maximuin gradually decreases. This can be only possible 
mechanism to explain the effectiveness of the cationic soaps 
for the negative and the anionic ones for the positive maxima.
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C H A P T E R  II
Critical Micelle Concentration of some 
Anionic and Cationic soaps from Polarographic, 
conductometric and Turbidimetric methods.
The phenomenon of the existence of ionic aggregates in
1 2 3solutions of soaps , higher sulphonic acids , alkyl sulphates ,
4alkyl quartemary ammonium salts etc, is of primary importance 
in the realm of both applied and fundamental colloid science. 
Reference to one such aspect has already been made in the 
proceeding chapter vjhere the role of anionic 'and cationic soaps in 
suppressing the maxima of some simple and complex metal ions and 
the dependence of M,S.P, values on the extent of ionization of the 
respective soaps and formation of ionic micelle was discussed,
5The latter term was introduced by McBain to explain the abnormal 
inter-relationship between low osmetic activity and high electrical 
conductance of alkali metal salts of higher fatty acids. According 
to him, the formation of these heavily hydrated and polyvalent 
ions was accompanied by abrupt changes in conductivity concentratio 
curves and the concentration at which the change took place was 
termed as »critical micelle concentration’. Me Bain's concept 
described above led to extensive experimentations dealing with 
the physical properties of soap solutions and although many have 
differed from him in details, a general agreement is found on the 
main stream of thinking visualised by hiin.
What causes the ionic micelle to exist in soap solutions ? 
Disagreement still exists on this point. After Me Bain's thesis, 
the other concept worthmentioning is that of Hartley^ who took a 
more critical view of the problem. He considered that the soap 
solutions behaved purely as strong electrolytes upto the critical
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concentrations. Afterwards the aggregation of ampldpathic ions 
took place with the formation, at first, of relatively small 
micelles M^ich grew rapidly over a limited concentration range 
to a size which for a particular soap remained practically constant 
with further increase of concentration. According to him the 
micelles are liquid and essentially spherical in shape and that 
their interioa? approximates to the random distribution of liquid 
paraffin with the only difference that the hydrophilic end of the 
ion constrained to remain at the surface of the micelle.
Unlike Hartley, Me Bain' visualises more than one type of 
micelles at concentrations above the critical micelle concentration 
He also does not think in terms of charge neuterlisation by contra 
ions but considers that the total charge equal to the sum of the 
charges of all the ions present. His micelle is ordinarily 
lamellar, consisting of layers of water and double lyophilic part 
while Hartleys micelle is spherical and essentially a * liquid* 
in structure, is large in comparison with Me Bains one, and 
contains in addition to the amphipathic ions a considerable 
number of contra ions.
A number of physical properties are employed to determine
the critical micelle concaitration (C.M.C.) values of soap
solutions. These include freezing point^ osmotic pressure^\
vopour pressure^^*^^, solubility^partial molal volume^
22 23refractivity , turbidity , electrical conductance, ‘ transport
number^^ surface tension^^"^\ viscosity^^*"^^ etc. Hartley^^
38and others referred to the changes in the fluorescence of some
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dyestuffs at the critical micelle concentration in the presence
39of surface active agents. This property was used by Harkins,
40and Kolthoff and Strides, in determining the critical micelle
4lconcentration, Polarographic methods have also 'been employed,
although less frequently, in determining the critical micelle
42concentration. Recently Boyd has introduced the tracer 
technique in studying the formation of micelles in detergents.
The present chapter, which is an extension of the work 
described in the preceeding chapter, mainly deals with the use 
of polarographic method in determining the C,M.C, value. This 
method besides offering another interesting approach to the 
problem provides a tool to know qualitatively the effect of 
different electrolytes on the critical micelle’concentration of 
soap solutions. With this aim in view comparison has beaa made 
with the results obtained by conductometry and turbidometry.
E X P E R I M E N T A L
1• Preparation of Solutionsi
Solutions of surface active agents CSPSA, STSA, SXSA, DPB 
and IDEH) and metal salts were prepared as described in Chapter I,
2, Apparatus and Techniouei
Polarographic measurements were carried out as described 
in Chapter I,
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Conductometrie measurements were carried out with the 
help of conductivity bridge No. L 350140 and conductivity cell 
L. 355216 (K » 0.1), (Cambridge Instrument Co.) at 25®C.
Turbidity measurements were carried out with Trubungsmesser 
No. 282.
3. Procedure8
Polarographic determination of the critical micelle 
concentrations were made from the ratio ±max/i^^f for the 
soaps under investigation. The ratio was found from the results 
on polarographic measurements described in the preceeding 
chapter. The results in presence of different supporting 








SPSA X 10" im/id
Cone, log Cone, for Ni (KCl)
0.0 - 1.906 0.0 - 1.942
3.33 0.5224 1.843 1.67 0.2227 1.5626.60 0.8195 1.812 4.90 0.6902 1.3369.80 0.9912 1.750 8.21 0.9143 1.238
12.90 1.1106 1.375 11.30 1.0531 1.23816.00 1.2041 1.031 16.00 1 .2041 1.20023.50 1.3711 1 23.50 1.3711 1.142- - - 36.30 1.5599 1.114- - — 43.90 1.6425 1













for Ni*’‘^-Co'^ ‘'’ 
(KCl - pyridin
0.0 mm 1.771 0.0 2.1
4.9 0.6902 1.671 4.9 0.6902 1.88
9.9 0.9956 1.214 12.1 1.0828 1.66
14.7 1.1673 1.114 16.9 1.2279 1.55
19.6 1.2923 1.00 23.8 1.3766 1.2024.0 1.3802 1.00 36.2 1.5587 1.10*• 55.5 1.7443 1






SPSA X 10“ Im/id




for Cu-biuret (at pH 12)
0.0 mm 1.61 0.0 1.909
4.90 0,6902 1,35 1.9 0,2788 1,606
7.39 0,8686 1.29 3.5 0,5441 1,58812,10 1,0828 1.22 5.5 0.7404 1.540
16.90 1,2279 1,04 9.8 0.9912 1.510
19.20 1.2833 1,00 13.6 1.1335 1.45023.80 1,3766 1,00 83,3 1.9206 1












0,0 . 2,976 0.0 1,432,40 0,3802 2,809 2.430 0.3856 1,14
4.90 0,6902 2.485 3.221 0.5079 1.097.38 0.8681 1.523 4.961 0.955 1.059.80 0.9921 1.404 7.879 0.8965 112.00 1.0792 1.190 23.800 1,3766 114,50 1.1614 1.142 - - -
16,90 1.2279 1.000 **





STSA X 10” Im/id 
.•+t
STSA X 10“ im/id
Cone, log Cone, for N1 (KCl) Cone, log Cone, for Co (KCl)
0.0 1.88 0.0 2.042.430 0.3856 1.771.24 2.430 0.'3856 2.044.961 0.6955 4.961 0.6955 1.81
7.879 0.8965 1.22 7.879 0.8965 1.819.800 0.9912 1.20 12.100 1.0828 1.7212.10 1.0828 1.17 16.900 1.2279 1.6814.50 1.1614 1.15 21.500 1.3324 1.681!^ .20 1.2833 1.13 30.500 1.4843 1.6823.80 1.3766 1.11 45.00 1.6532 1.47
32.71 1.5146 1.11 56.010 1.7482 1.4045.00 1.6532 1.00 62.95 1.7990 1.3656.01 1.7482 1.00 82.99 1.9190 1.00*• 107.8 2.0327















0.0 2.34 0.0 2.39
2.431 0.3856 2.34 2.430 0.3856 1.824.961 0.6955 2.18 7.879 0.8965 1.659.810 0.9912 1.56 9.800 0.9912 1.52
14.50 1.1614 1.406 12.100 1.0828 1.39
19.20 1.2833 1.12 16.900 1.2279 1.0823.80 1.3766 1.00 23.800 1.3766 1.00
Pig. 43(a) Pig. 44(a)
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Table 7.
STSA X 10“ im/ld 




12.15 0.0828 1.47 1.10024.75 0.3936 1.23 1.04539.35 0.5950 1.11 U05049.00 0.6902 1.09 1.050
60.50 0.7818 1.00 1.00111.00 1.0755 1.00 1.00
Fig. 45(a) Fig, 46(a)
Table 8*
SXSA X 10"^M im/i<i im/id im/id
Cone, log Cone, for Pb'*‘"*‘(iQJ03) for Ni^‘^(KCl) for Co'*“^ (KCl)
0.0 1.35 1.57 2.321.240 0.0934 1.22 -
2.430 0.3856 1,12 1.23
4.961 0.6955 - 1.14 2.20
7.879 0.8965 - 1.119 -9.800 0.9912 - 1.119 2,1212.100 1.0828 1.00 1.119 -14.500 1.1614 - 1.119 2.08
19.200 1.2833 - - 1.0823.800 1.3766 - 1.035 1.6828.300 1.4518 - - 1.56
32.71 1.5146 - 1.071 1.4841 .20 1.6149 - - l.itO45.00 1.6532 - 1.071 1.0056.01 1.7483 1.00 *
Pig. 40(b) Fig, 41(b) Fig. 42(b)
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Table 9.
SXSA X 10“ 
Cone, log Cone,
iin/id
+*t +•♦for Co -Ni(KCl pyridine)
SXSA X 10“^M im/ld







- 2.43 0,0 - 2^290.3856 2.13 2.430 0.3856 1.41
0.6955 1.5 4.961 0.6955 1.12
0.9912 1.4 7.879 0,8965 1.041.161/^ 1.16 9.800 0.9912 1.04
1.2833 1.06 12.100 1.0828 1.00
1.3766 1.00 16.900 1.2279 •











12.15 0,0828 1 .260 1.1524.75 0,3936 1*110 1.09
39.35 0.5950 1,040 1.06
49.00 0,6902 1.00 1.03
60.50 0,7818 - 1.00




DPB X 10"^M Im/ia Ini/ld im/id
Cone, log Gone, for for Ni'^ '^ CKCl) for Co'^ '^ -Ni^ '^
(KCl - pyridir
0.0 - 1.066 1.330 2.140
1*246 0.0955 1.044 1.094 1.550
2.487 0.3957 1*044 1.075 1.1803.720 0.5705 1.033 1.056 1.0744.950 0.6946 1.011 1.037 1.0006.172 0.7904 1.000 1,000 •







for Co'^ '^ (ECl)
iffi/id 
for (Cdl^)"“
0.0 mm 2.20 1.8191.246 0.0955 1.70 1.4322.487 0.3957 1.50 1.3633.720 0.5705 1.50 1.3184.950 0.6946 1.45 1.2737.380 0.8681 1.40 1.0919.800 0.9912 -
12.190 1.0859 1.325 -14.560 1.1632 - 1.00
23.800 1.3666 1.00
Fig. hQisi) Fig. 48(c)
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Table 13.
DPB X 10“ im/id im/id
Cone, log Cone, for Cu-biuret (pH 12) for Cu-glycine (KKO3)
0.0 - 1.304 1.316
1.246 0.0955 1.174 1.250
2.487 0.3957 1.152 1.184
3.720 0.5705 1.086 1.1194.950 0.6946 1.000 1.053
6,172 0.7904 - 1.000
Fig, 44Ka) Fig. 49(a)
Table 14*
IDES X 10“^M ±m/ld im/i^ im/id
Cone, log Cone Pb'^ '^ (KH03) Ni'^ ‘’(KCl) Co'^ '^ (KCl)
0.0 - 1.325 2.00 1.417
1,246 0.0955 1.204 1.181 1.109
2.487 , 0.3957 1.048 1.127 1.109
3.720 0,5705 1.036 - 1,083
4.950 0,6946 1,000 1.016 1.028
6.172 0,7904 - - 1.000
7.380 0,8681 - 1.000




IDEH X lO'^M Im/id im/id ‘ im/id
Cone, log Cone, for (Cdl,) for Cu-Muret for Cu-glycine(KNO
^ (pH 12)
0.0 mm 1,802 1.217 1.3601,246 0,0955 U387 1,196 1.280
2 M 7 0,3957 U181 1,196 1.2003.720 0,5705 1,091 - 1.2004.950 0.6946 1,069 1,152 1.133
6,172 0.7904 - - 1.0677.380 0.8681 1,046 1.152 1 .000
8.599 0.9345 1,000 mm -12,190 1,0859 - 1.13123,800 1,3766 - 1,043 -34,880 1,5426 •M 1.000
- Fig. 50(d) Fig. 51 Pig. 50(e)
(b) Condnc tome try
In this method solutions of different concentrations 
SPSA, STSA, SXSA, DPB and IDEH were prepared by diluting their 
concentrated solution with doubly distilled water (all glass). 
The conductance of the solution were determined, A curve was 
plotted between (i) specific conductivity and concentration of 
surface active agent (ii) im and molar conductance. The 
readings are given in the following tables.





Concentration C O N D U C T A N C E
of Soap Solution
X 10'^M SPSA STSA SXSA
0,00 1,2 X lO^mhos 3*4 x10“ m^fa.os 1,3 xlO^^mhos
0.049 2.3 " 5.9 « 2.4 «
0.098 4.5 « 7.9 ” 3.3 «
0.136 6.3 " 9.5 " 3.8 «
0.145 6.4 « 9.8 •• 4.0 «
0.155 7.0 " 10.5 “ 4.1 "
0.192 8.6 " 11.7 “ 4.7 ”
0.238 10.7 ** 13.7 ” 5.6 «
0.283 12.6 “ 14.5 “ 6.3 ”
0.345 1 5.0 « 16.5 " 7.1 «
0.370 1 6.3 « 17.5 « 7.8 "
0.412 18.0 « 20.0 « 8.5 “
0.454 19.7 ** 22.0 " 9.2 «
0.535 23.0 « 22.5 ’• 10.4 «
0.614 25.0 " 25.5 *• 11.3 “
0.689 27.0 » 27.5 “ 12.1 “
0.762 28.5 ” 29.0 " 12.6 «
0.833 30.5 " 30.5 « 13.1
0. 901 32.0 •» 32.0 »* 13.8 "
Fig. 52 Fig. 53 Fig. 54
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Table 17.






U D U C T A N
IDEH
C E
0.0 0.4 X 10"^ mhos 0.1 X -410 mhos
0.099' 3.10 It 3.1 ti
0.196 5.9 n 6,0 tt
0.291 8.2 It 9.3 It
0.384 10.5 It 11,0 n
0.476 12.7 It 12.4 It
0.566 15.1 n 13.0 It
0.654 17.1 I 14.0 »
0.740 19.6 It 14,6 It
0.825 21.9 n 15.2 It
0.909 23.5 It 15,8 tt
0.996 28.0 I 16.8 It
1.071 31.5 II 17.8 n
1 .228 33.5 It 18.6 It
1.379 35.0 It 19.8 tt
1.525 36.0 tt 20.3 t
1.666 37.5 It -
1.803 38.5 It -
1.935 39.5 It -
Fig, 55(a) Fig. 55(b)
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0.0116 463.3 624.0 279.5
0.01205 441.4 - 275.8
0.0124 451.6 - 264.5
0.0138 448.0 609.0 244.5
0.0153 449*4 575.0 235.0
0.0168 445.0 512.0 221.0
0.0186 435.0 478.0 206.0
0.0192 440.0 474.0 210.0
0.0203 436.0 - 206.0
0.0212 434.0 - 202.5
0.0231 430.0 A20.0 194.0
0.0248 407.5 415.0 184.0
0.0262 392.0 399.8 175.5
0.0276 373.0 380.0 164.0
0.0289 366.0- 366.0 157.0
0.0300 355.0 355.0 153.0
Fig. 56 Pig. 57 Fig. 58
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Table 19.
Molar Conductance of DPB and IDEH
























Solutions of different concentrations of SPSA, STSA and 
SXSA were prepared by diluting their concentrated solutioii with 
doubly distilled water. An aliquot of this was taken in a 
10 cm cell and their tuppbidity measured, A curves was plotted 
betvreen turbidity and concentration of surface active ag«it.
The readings are given in the following tables.
Table 20.
Turbidity of SPSA at different dilutions
Valume of








0.10 24.90 25*0 5.0
0.20 24.80 25.0 6.0
0.30 24.70 25.0 7.5
0.40 24.60 25.0 8.5
0.50 24.50 25.0 9.0
0.75 24.25 25.0 9.5
1.00 24.00 25.0 14.0
2.00 23.00 25.0 25.0
3.00 22.00 25.0 28.0
4.00 21.00 25.0 33.5
6.00 19,00 25.0 40.0




Turbidity of STSA at different dilutions
Volume of Volume 
STSA 1.341 X 10 M water 






0.10 24.90 25.00 13.00
0.20 24.80 25.00 15.00
0.30 24.70 25.00 10.00
0.40 24.60 25.00 17.50
0.50 24.50 25.00 19.00
0.75 24.25 25.'00 20.00
1.00 24.00 25.00 25.00
1.50 23.50 25.00 27.00
2.00 23.00 25.00 31.00 ,
3.00 22.00 25.00 35.00
4.00 21.00 25.00 35.00




Turbidity of S X S A ^  different dilutions •
Volume of Volume of Total
1
GalvanometerSXSA 0.693 X 10 M water Volume deflectionin cc in cc in cc
0.20 24.80 25.00 20.00
0.50 24.50 25.00 25.00
0.75 24.25 25.00 36.00
1.00 24.00 25.00 44.00
1,50 23.50 25.00 53.00
2.00 23.00 25.00 • 66.00
2.50 22.50 25.00 75.00
3.00 22.00 25.00 78.00
5,00 20.00 25.00 88.00





D I S C U S S I O N
Prom the curves obtained on plotting imax and log Cone.
idiff
(Pigs* 37-51), three fundamental charactersties of the surface 
active agents, viz., Polarographic Micelle Concentration^^P.M.C.! 
Maximtm Suppression Point(M.S.P.) and Specific Suppression 
Coefficient^^ (S.S.C.) may be worked out. The latter two 
properties have already been employed in the studies on the 
suppression of maxima, described in the preceeding chapter.
The results on P.M.C, values also appear to be equally interestii] 
and are summarised in the following table.
Table 1,
Polarographic Micelle Concentration of SPSA, STSA, S2SA, DPB and 
IDEH in presence of differnt supporting electrolytes.
Ion or P,M,C,(10 M^) of different Surface Active Agen
Complex studied
SPSA STSA SXSA DPB IDEH
Pb^ '^ in KNO3 9.80 2,188 1.288 3.162 2.455
Hi‘*"^ in KCl 8.20 48.980 36.310 3.802 2.512
Co‘*”^ in KCl 4,900 34.670 10.470 10.470 3.467
Ni -Co mixture 121,00 
in KCl - Pyridine 4.898
4,786 1.950 -
Cd-iodide 
Complex in KI 121,000 7.943 5.370 4.786 3.467
Cu-biuret- Complex at pH12 13.200 2,399 1.955 3.020 7.244
Cu-glycine 
Complex in KNO^ 4.900 4,266 3.981 4.677 5.012
On critically' examining the values given in the foregoing 
talDle, it can he seen that a definite regularity exist in the 
P.M.C* values of the anionic soaps irrespective of the ions 
used (only exception being Ni^ "^  and Co^ "^ ). The order is as 
follows* SPSA y STSA SXBA. Furthermore th6 P.M.C* values 
in cases where KNO^ is used as suppdrting electrolyte (Ph " and 
Cu glycine complex) are smaller than those obtained with KCl 
as the supporting electrolyte. An almost similar behaviour is 
seen in presence of the iodide ions (cadmium iodide complex) 
where the values are again smaller than in presence of Cl ions 
although a little higher than for N03 ions. Over all an 
approximate order can also be put porward here, Cl ^
N0^“. From these results it may be concluded that the presence 
of foreign ions do influence the critical micelle concentration 
ionic micelles. The anions, however, do not appear to exert any 
such influence on the cationic soaps.
Inspite of the fact that variations exist in the P.M.C. 
values determined polarographically in presence of different 
foreign electrolytes, numerical order (10 )^ is almost the same 
for the different soap solutions employed. These results are 
in Variance with those derived from methods other than that of 
Polarography. It has be«i well established that the c.m,c. valt 
decrease with the increase in the length of the carbon chain an< 
vice-versa. No such generalization can be put forward on the 
basis of the polarographic studies since the order of these 
values is the same both for the anionic (seventeen carbon atoms
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in the chain) and cationic (twelve carbon atoms in the chain) 
soaps. There can, however, be no denying of the fact that It 
is the carbon length of the straight carbon chain which controls 
the c.m.c* values because the substituents of SPSA (STSA and SXS, 
have got the value as the parent substance.
The limited utility of the polarographic method is borne 
out on carrying out comparative studied under identical conditio; 
(except that no foreign electrolyte is added) by Conductometric 
and Turbidometric methods.
On plotting specific conductivity as a function of 
concentration of surface active agents, curves were obtained 
(Figs. 52-55) from which the following c.m.c, values for the 
soaps can be obtained.
Table II.
Critical Micelle Concentration of SPSA, STSA, SXSA DPB and IDEH 
from Conductivity measurements.
Surface active agent C.M.C. Values
SPSA 45.0 X 10"^M
STSA 49.7 X 10“^M




IDEH 4.0 X 10"^M
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The results depicted in Table II do not fully support
the results on polarography# The only concordence is observed
with the numerical order of the c.m,c, values and that too in the
case of anionic soaps♦ Other major discripancies exist both for
the order of the soaps as well as the specific values for cationic
soaps, and a large difference exist in the numerical order for
-2the cationic soaps (10 ) and the order of the soaps themselves
SXSA ^  STSA^ SPSA.
Moreover on plotting the cutve between \/W and nrolar 
conductance (Figs, 56-60) further evidence regarding the existenc 
of ionic micelles in the solution of liiese soaps as well as the 
tendency of their behaviour like strong electrolytes upto' a 
certain concentration is obtained, Incidently this method also 
goes to prove that the decrease in the length of the carbon chain 
brings about an increase in the c.m.c, values* Further support 
to the result on conductometry is forthcoming from turbidity 
measurements where the same order (SXSA^ STSA ^  SPSA ) is 
obtained for the anionic soaps and the numerical values are just 
the same (47.5 x 10”^M for SPSA, 46.3 x 10”^  for STSA, and 
50.7 X 10~^M for SXSA).
The results obtained from the different methods employed 
are summarised in the following table in order to give a 
comparative idea of their usefulness.
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Table III,
Critical Micelle Concentration of SPSA, STSA, SXSAi DPB and 






from different methods 
Conductivity Turbidity
SPSA 40.40 X lO'^M 45.0 X lO’^M 47.5 X 10“^M
STSA 15.04 X 10“^M 49.7 X lo’^M 48.3 X 10"^M
SXSA , 7.94 X 10"^M 53,5 X 10"^M 52.7 X 10“^ M
DPB 3.20 X lO'^M 12.2 X 10“^M . *j
IDEH 4,02 X lO'^M 4.0 X 10“^M -
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C H A P T E R  III
Spectrophotometrie study on the mutual 
interaction of soaps and dyes.
The interaction of surface-active agents with many
1 ” 4- 5 6  *7substances like proteins, polymersJ nucleic acids, hydrophobi
8 9 10 11sols,* metal ions, and organic dyestuffs have been studied
by a number of workers to establish their properties and extend
their applications. Amongst these the interaction of surface
active agents with dyes present some interesting features worth
considering.Hartley^ \  1934) studied the effect of a number of
anionic, cationic and non-ionic detergents on a large number of
dyes. He reported that the colour of dyes in buff ere! solution
is altered by the addition of detergents possessing charge
opposite to that the indicator ion, and later on utilized this
12property in determining the concentration of the deteragents, *
14Sheppard and Geddes observed that the absorption spectra of 
pinacyanol chloride in aqueous solution was altered by the 
presence of cetylpyridinium chloride. In 1938 Hartley^^ 
introduced solubilization method for the determination of
16critical micelle concentration. Later on Harkins and Corrin
(1947) used this change in colour of dyes for the determination
of critical micelle concentration, which was further used by
Kolthoff and Stricksand Arkin and Singlettery^^, Recently
19Mysels and Maker jee have used this method in determining the 
critical micelle concentration of sodium lauryl sulphate, and 
showed that the colour change involved formation of a dye- 
detergent complex.
Another interesting feature of the interaction of surfac( 
active agents and dyes is existence of what is called
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*Metachromacy' - a word first of all used, by Lisove and 
21Holmes to explain the changes in colour of dilute aqueous
solutions of dyes caused iy the addition of substance of high
molecular weight. The discovery of this phenomenon led to a
number of investigations of both fundamental and applied
importance. For example solutions of dyes not obeying Beer*s
law can very well be studied on the basis of this property,
22Michaclis and Granick during the course of their extensive
study on the absorption of cationic dyes in presence of agar
observed a parallelism to exist between their »metachromacy>
23and deviation from Beer* s law. Recently Colichman carried out 
investigations on the variations in the optical doisity of the 
acidic and basic forms of bromophenol blue on the addition of 
long chain quartemary ammonium salts. The importance of dyes 
with induced »metachromacy» in staining some histological 
morphological elements, such as, cellular auclci or the 
cytoplasma of lymphocytes is well established.
The formation of dye-detergent complex in such system
is another worthmentioning problem. The change in absorption
spectrum of dyes in the presence of surface active ag^ts is
o Iattributed due to this property. Hiskey and Downey studied
spectrophotometrically the existence of a complex of methylt
orange with cationic soap like octadecyltrimethyl ammonium 
chloride at different pH values. They quantitatively interpret? 
the spectral data interms of an association reaction between th« 
quartemary salt and the basic form of methyl orange. Purthermc
20
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they found that methyl orange in many instances could form a 
complex with long chain ions below the critical micelle 
concentration, Mukerjee and Mysels (loc, cit.) isolated some 
dye detergent complexes like methylene blue-lauryl sulphate, 
cetyltrimethyl ammonium-bromophenol blue, dicetyltrimethyl
ammonium bromophenol blue, etc, and characterised them.
25Recently Hayashi has studied the interaction of congo-red
with Triton X-100 and cetyltrimethy1-ammonium bromide spectro-
photometrically aJid interpreted the metachromatic effect
produced in the dye due to complex formation. Some preliminary
studies on the interaction of congo-red with dodecyl pyridinium
bromide and sodium-dodecyl sulphate was studied by Kondo and 
26 27^coworkers. Mehrotra studied the influence of surface active 
agents like Igepon T and Nekol BX on the colorimetric 
determination of pH,
The fact that the soaps and dyes interact to give 
compounds, emperical in nature, has been fairly well establishec 
in a number of cases. However very little is known about the 
actual mechanism of the process. In this chapter attempt has 
been made to throw some light on this aspect of the problem by 
employing spectrophotometric methods. It was expected that the 
colloid-chemical nature of the reactants combine with the 
structural rearrangements possible in the dye molecule would 
lead to interesting conclusions not met with hitherto. The 
work described deals with the following new interactions.
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(i) Rosanlline hydrochloride and Sulphonated phenyl stearic
" ” « »« tolyl stearic acid
" ” M M  X^ rlyl stearic, acid
(ii) Congo-red and Dodecyl pyridinium bromide.
** ” I sothiourea dodecyl ether
hydrobromide
(iii) Methyl Orange " Dodecyl pyridinium liromide.
*' ” '* I sothiourea dodecyl ether
hydrohromide
(iv) Alizarin sulphonic acid (sod, salt) and Dodecyl pyridini
bromide
" " ” ” “ Isothiourea dodecether hydrobromid
E X P E R I M E N T A L
1• Reagents8 SPSAi STSA, SXSA, DPB and IDEH were prepared 
and solutions obtained as described earlier* Rosaniline 
hydrochloride, Congo-red, methyl orange, and alizarin sulphonic 
acid (sodium salt) used in these investigations were of B.D.H, 
products.
2. Apparatus and Technique; The absorption spectra of the 
solutions were measured with a Beckman DU spectrophotometer usiii 
1 cm. corex cell and tungsten lamp as a source of light. The 
absorbance A, which was plotted as a function of wave length was 
defined by the familiar relations A = ~ abc where
lo is the intensity of the light emerging from the solvent, I tfc 
int«isity of the light emerging from the solution, a, the
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absorptivity, b, the length of the light, path through the 
absorption cell and c the concentration of the absorber ezpresse 
in moles/litre. Measurements were made at 25 t 0.1
pH - measurements were made with, a Beckman pH - meter 
model H-2,
-33* Procedure; Stock solution of 1,0 x 10 M Cone, of dye 
was prepared in doubly distilled water (all glass), 0*5 cc 
of this solution was taken in different conical flasks. 20 cc 
of the buffer solution of requisite pH was added, Aliquotes of 
detergent solutions were then added and total volume in each 
case was made upto 25 cc by the addition of buffers, A period 
of about 30 mts. was allowed in each case to attain equalibrium 
before carrying out absorption experiments. The following 
buffers were prepared to carry out the experiments.
(i) Walpole buffer (sodium acetate and acetic acid mixture) 
for acidic pH range.
(ii) Clark and Lubs buffer (Dipotassium hydrogen phosphate 
and sodium hydroxide mixture) for neutral pH.
(iii) Kolthoff buffer (sodium carbonate and hydrochloric acid 
mixture) for alkaline pH range.
By carrying out preliminary experiments the following 
changes in the colour of dye, in presence of surface-active 
agent were obtained,
(i) In acidic and neutral medium the colour of Rosaniline 
hydrochloride changes from red to reddish violet in
100
presence of SPSA, STSA or SXSA«
(ii) The colour of Congo-red in the presence of DPB or IJME 
changes from violet to orange in acidic medium, red to 
yellowish orange in nnutral and reddish orange to orange 
in alkaline medium.
(iii) The colour of methyl orange in the presence of DPB or 
IDEH changes from orange to yellowish orange in acidic 
medium, and orange to yellowish orange in neutral mediufl>. 
In alkaline medium precipitation takes place.in the 
presence of IDEE while the colour changes from light 
yellow to yellowish orange in the case of DPB*
(iv) The colour of alizarin sulphonic acid in presence of DPB 
or IDEH changes from yellow to pink in acidic medium, red 
to pink in neutral medium, and violet to pink in alkaline 
medium. In the case of DPB precipitation took place in 
highly acidic and alkaline medium.
The absorption readings of the dyes in presence of surfac 
active agents are given in the following tables*
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D I S C  U S S I 0 H
SuXptipnated. aryl stearic acid - Rpsanlline hydro chloride»
Absorption spectrum of Rosaniline hydrochloride in 
presence of varying amoimt of SPSA, STSA and SXSA are given in 
Figs. 62-70, It has been observed that the absorption peak of 
Rosaniline hydrochloride was influenced very much by the 
presence of these soaps. The results are given in the following 
tables:
Table I. '
Influence of SPSA on the absorption maximum of Rosaniline 
hydrochloride.
Cone, of Absorption maxima at different pH
SPSA X 10“^M 2,3 4,5 7.0
0,00 560 mu 560 mu 560 mu
1,00 560 mu 560 mu 560 mu
2,00 560 mu 560 mu 560 mu
4.00 560 mu 560 mu 560 mu
6,00 560 mu - 560 mu
8,00 560 mu 560 mu 560 mu
12,00 - - 560 mu
18,00 560 mu 560 mu 560 mu
36,19 560 mu 560 mu 560 mu
72,38 560 mu 540 mu 525 mu
180,95 550 mu 525 mu 525 mu
361,90 525 mu - 525 mu
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Table II,
Influence of STSA on the absorption maximum of Rosaniline 
hydrochloride.
Cone, of Absorption maxima at different pH
STSA X 10” 2.3 4.5 7.0
0.00 560 mu 560 mu 560 mu
0.40 - - -
1.00 5^0 mu 560 mu 56b mu
2.00 560 mu 560 mu 560 mu
4.00 550 mu 560 mu 560 mu
6.00 550 mu 550 mu 550 mu
8.00 550 mu 550 mu 540 mu
18.00 550 mu 530 mu 530 mu
20.57 530 mfu 530 mu 530 mu
41.14 530 mu 530 mu 530 mu
Table III.




Absorption maxima at different pH 
2.3 4.5 7.0
0.00 560 mu 560 mu 560 mu
1 .00 560 mu 560 mu 560 mu
2.00 560 mu 560 mu 560 mu
4.00 560 mu 560 mu 550 mu
6.00 560 mu 560 mu 540 mu
8.00 550 mu 550 mu 530 mu
9.14 530 mu 530 mu 530 mu
18.00 530 mu 530 mu 530 nni
20.00 mm..J
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The results enumerated a'bove lead to some interesting 
features of the reaction tetween the dye and the anionic soaps 
under discussion. The most remarkable feature of the studies 
is that the addition of small amounts of these soaps bring about 
a definite shift in the absorption peak of the dye (560 to 530 b 
in presence of STSA and SXSA and 560 to 525 mu in presence of 
SPSA) • Such behaviour naturally entails either some sort of 
molecular rearrangement in the dye molecule or its interaction 
with the surface-active agent. As far as the possibility of 
the former is concerned, it appears to be remote in view of th< 
fact that the change in pH from 2,3 to 7.0 does not bring abou 
a change in the absorption maxima in presence of either of the 
anionic soaps used. However, there is aobfeliEr way in which 
the absorption values are influenced by pH, Prom the above 
tables it may be seen that the amount of anionic soap require* 
to shift the maxima is lesser at higher pH-range and vice-v’e; 
This effect may be interpreted by assuming that in the acidic 
medium the ionisation of the soap will be suppressed and, 
therefore, lesser amount of anion will be available for comb 
with the dye. If definite chemical combination of the surf a 
active agent with the dye is visualised, then a definite 
concentration of soap would be needed for this purpose, Sij 
solution in high pH would give lesser ions for interaction • 
the dye, more of the soap is needed. Actual experimental r 
support the view point. Another interesting point to be no 
is that the minimum amount of soap required for htrlngfflg
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shift in the peak is of the order of c.m«c« and that the followii 
order exists SPSA ^ STSA ) SXSA (compare results Chapter II 
Moreover, the peak of the SPSA - dye solution is at 525 nru in 
comparison to 530 mu for the other two* The probable cause 
of the discripancy may be to the presence of -CH^ groups in 
STSA and SXSA.
The probable chemical combination between resaniline 








HCC.c h.C, u6 5-i
r*
6r Viwlvc^ c t^
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Cationic Soaps-Dyest The reaction between cationic soaps 
(DPB and IDEH) and the dyes (Congo-red, methyl orange and 
alizarin sulphonic acid - sodiiun-salt) present behaviour similar 
to those with the acid dye and anionic soaps. Here, too, pH 
variations do not influence the shift and the new peaks for the 
respective dyes appear at the same wavelengths except in the case 
of DPB-alizarin reaction.
Table IV.
Influence of DPB on the absorption maximum of Congo-red,
Cone* of 
DPB X 10“^
Absorption maxima at different pH 
1.3 4.3 7.0 10.3
0,00 650 mu 500 mu 500 mu 490 mu
0,40 650 mu 475 mu 480 mu 490 mu0.80 650 mu 475 mu 475 mu -1.00 ~ - - 490 mu
1.60 m 475 mu 475 mu -2,00 - mm - 480 mu
2.40 475 mu 460 mu -3.20 650 mu 475 mu 460 mu -4.00 - 460 mu 460 mu 475 mu
6.00 - - 460 mu8.00 - 460 mu 460 mu 460 mu
12.00 - - 460 mu
16.00 •• - - 460 mu18*00 - - 460 imi —20,00 650 mu 46b mu - -40.00 650 mu - - -48,00 460 mu - - -60,00 460 mu - - -
80.00 460 mu - - -
i20.00 460 mu - 460 mu -
JOO.OO 460 nm •m
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Influence of IDEH on the absorption maximum of Congo-red. 
Cone, of Absorption maxima at different pH
Table 7.
IDEH X  10 1.5 3.0 7.0 10.25
0.00 580 mu 525 mu 500 mu 500 mu0.40 580 mu 500 mu 490 mu 500 mu0.80 580 mu 480 mu 480 mu 500 mu1 .20 580 mu mm 480 mu 490 mu2.00 580 mu 475 mu 475 mu 475 mu4.00 580 mm 475 mu - -8.00 475 mu 475 mu 475 mu 475 mu12.00 475 mu 475 mu 475 mu -18.00 475 mu 475 mu 475 mu -20.00 475 mu 475 mu 475 mu tm
Table VI.
Influence of DPB on the absorption mximum of Methyl orange,
Cone, of Absorption maximum at different pH
DPH X 10’^M 1,3 4.3 7.3 10,3
0,00 525 mu 475 mu 475 mu 475 mu2.00 525 mu 475 mu - -4.00 525 mu 475 mu 4 ^  mu 475 mu6.00 525 mu - - -8.00 525 mu 475 mu 470 mu 475 mu18.00 525 mu 475 mu 470 mu 475 mu40.00 - - — 470 mu80,00 - 460 mu 470 mu 460 mui2o.ao - - 470 mu 450 mu
l60.fiQ - 450 mu -200.00 450 mu mm -240.00 520 mu - 450 mu -280.00 mm 450 mu . - 450 mu400.00 520 mu 450 mu 450 mu 450 mu480.00 520 mu - - -1200.00 450 mu. 450 mu 450 mu 450 mu1800.00 450 mu 450 mu 450 mu 450 mu





Absorption maximum at different pH
1.6 4.9 7.3
0,0 520 mu 475 mu 475 mu
0,4 520 mu 475 mu 460 mu
0.8 520 mu 475 mu 460 mu
2.0 520 mu 480 mu 460 & A25
4.0 520 mu 460 mu & 460
4.8 - 450 mu -
5.6 - 450 mu -
6.0 - - 425 mu
6.4 - mu -
7.2 - 425 mu -
8.0 520 mu 425 mu 425 mu
12.0 - - A25 mu
16.0 - - A25 mu
18.0 - - ^ 5  mu
20.0 520 mu -
40.0 520 mu - -
80.0 520 mu - -
200.0 425 mu - -
400.0 A25 mu - -
800,0 425 mu - -
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Table VIII.
Influence of DPB on the absorption maximm of Alizarin Sulphonic acid.
Cone, of 
DPB X 10“
Absorption maxima at different pH 
1 .6 4.9 7.0 10.3
0.00 430 mu 475 mu 520 mu 550 mu
0.40 - - 520 mu
0,30 - - 520 mu 540 mu
2.0 - 475 mu 520 mu 540 mu
4.0 430 mu 475 mu 520 mu 540 mu
8.0 430 mu 475 mu 530 mu mm
12.0 - 475 mu - '
18.0 430 mu 480 mu 530 mu 530 mu
20,0 - 520 mu - -
40.0 - 520 mu - -
80,0 430 mu 520 mu - 530 mu
200.0 430 mu -
\
530 mu 530 mu
400.0 440 mu 530 mu 530 mu 530 mu
800.0 440 mu 530 mu 530 mu
1000.0 440 mu - - -
1200.0 450 mu - - 530 mu
'1800.0 450 mu 530 mu - 530 mu
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Table IX.
Influence of IDEH on the absorption maximum of Alizarin Sulphonic acid.
Cone, of 
IDEH X 10“
Absorption maxima at different pH 
3.0 7.3
0.0 440 mu 525 mu
0.4 440 mu 525 mu
0.8 440 mu & 520 (ill defined) 525 mu
2.0 440 mu & 520 (ill defined) 540 mu
4.0 525 mu 545 mu
8.0 530 mu 550 fflu
12.0 550 mu 550 mu
18.0 550 mu 550 mu
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Table X*
Summarised result of investigations
Beactants pH original peak Final peak
Congo-red-DPB 1.3 650 mu 460 mu
It 4.3 500 mu 460 mun 7.0 500 mu 460 mu
II 10.3 490 mu. 460 mu
Congo-red-IDEH 1.5 580 mu 475 mu
It 3.0 525 ma 475 mu
It 7.0 500 mu 475 mu
It 10.25 500 mm 475 mu
Methyl orange-DPB 1.3 525 mu 450 mu
It 4.3 475 mu 450 mu
It 7.3 475 mu 450 mu
It 10.3 475 mu 450 mu
Methyl orange-IDEH 1.6 520 mu 425 mun 4.9 475 mu A25 mu
ti 7.3 475 mu 425 mu
Alizarin Bulphonic acid DPB 1.6 430 mu 450 mu
I t . 4.9 475 mu 530 mu
II 7.0 520 mu 530 mu
It 10.3 550 mu 530 mu
Alzarin Sulphonic acid
IDSH 3.0 440 rau 550 mu
II 7.3 525 nni 550 mu
The results described in the foregoing tables can again 
be explained on the basis of definite compound formation between 
the dye and the cationic soap, although the dye structures have 
offered reasonable possibilities for the existence of zwitter ions 
(accompanied with possible resonating structures) due to protonatic 
of .azo-nitrogen or resonance structure.
The influence of pH in these investigations cannot be
t4l
totally ignored. It is especially so with the cationic soaps 
wheasehigher concentration of h '*’ ions do not, in any way, effect 
their ionisation and the lesser availability of the cationic part 
for interaction with the dyes cannot be explained in these terms. 
To accotint, therefore, for the higher amount of the soap solution 
needed at low pH, one has to find a probable interpretation in the 
structure of the dyes themselves. Congo-red dye, with its amino
and azo-mitrogen, stands aloof from the methyl orange and tn the
1









3, Alizarin Sulnhonic acid:0 / W ?   ^ o
«->
SO^
0 + 0 - H<7VV
SOJ Nc''
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In congo-red, however, there is another change besides this 
and that is the protonation of the -KH2 group. With these 
structural difference in the behaviour of congo-red on the one 
hand, and those of methyl orange and alizarin on the other, Furth- 
more, the absence of the highly electron donating nitrogen from 
alzarin may also influfflince the observations to a certain extent. 
Both the contentions find support in the experimental results.
As already stated highly acidic medium is required for
protonation of the dye molecules. The fimction of the cationic
soap appears to reverse the process (i) by attacking the tQrdrogai
of the’protonated molecule and (ii) by entering into complex
formation with the dye. Since operation (ii) is feasible in the
higher pH ranges, the only apparent cause as to why more of soap
is required in the highly acidic solution may be that thq hydrogen 
ision^taken up by the dye and gradually removed from the molecule 
and this process is then followed by chemical interaction. As to 
how much of the soap is used up in the deprotonation of the 
and the *  is rather difficult to say. So is equally 
difficult to know at what stage the chemical interaction between 
the dye and the soap takes place. In view of the colloid-chemical 
natm*e of the substances as well as due to difference in the 
structure, simple interpretation put forward above would not hold 
good. The answer to question as to why lesser amount of soap is 
required in the case of congo-red insplte of the involved 
deprotonation of and ~  k”'", or why the alizarin-PPB reaction
does not take up the normal course can probably be found here.
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The various possible reactions in the cationic soap - dye 
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To isum up, it can be said that the following generalisatioE 
can be made regarding the dye-soap interaction: Ci) compounds, 
either in the form of double salts or complexes, of definite 
empitical formulae are formed (ii) presence of soaps check the 
tendency of molecular rearrangements in the dye solution with the 
result that the specific nature of the dye to diange its colour 
with in a particular pH-range is not realised, Ciii) some of the 
soap is used up in the deprotonation of dyes, and finally
(iv) the colloidal-chemical behaviour of the interacting 
substances, especially the c.m.c* values of the soaps may 
markedly effect the course (i) to Ciii) givoa above.
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C H A P T E R  IV.
Instrumental methods in the study of 
Heavy Metal Soaps,
The heavy metal soaps have been put to a large number 
of uses in industry and other technical fieldll^ Of these 
the more important ones are: (i) catalysts (ii) fungicides 
(111) glazing agents (iv) in pharmacceutical applications
Q Q--j Q(v) analytical reagents (vi) wetting and dispersing agents
11 12 (vii) emulsifiers (vlii) lubricants (ix) detergents in non-
aqueous media (x) cosmetics (xi) in paint and varnish, etc.
The chemistry of these compounds is not, however, well understood
and many interesting features, especially those conaented \rf.th
their structure and physico-chemical properties, need systematic
and extensive investigations. Instrumental methods have also
found little use in studying them, particularly the problems
concerned with tlieir analysis and characterization*
Amongst the large number of heavy metal soaps, those of
13-18aluminium have attracted the attention of a number of workers.
Their attempts to obtain the trisoaps met but with little
19 20 success, although Glazer and Lawrence , on theoretical basis
/
had propounded their existence. Recent work of Mehrotra and 
21-30coworkers, on the interaction of aluminium alkoxides with
31 32fatty acids and that of Scheffer and Gilmour , employing
X-ray and infra-red spectroscopic methods, had fully established
33-^9the existence of tri-soaps, Mehrotra could also get 
experimental proof of the tri-soaps of titanium as well as the 
tetra soaps of zirconium.
149
Of tfiDe physical methods employed in the study of aetal
40-42 43-44soaps, those worth mentioning are dipolemoment viscometry
45 46and refractive index measurements. More recently Shiba had
used the method of thermal analysis for aluminium soaps while
47French and Monks carried out investigations on the conductivity 
of ferric and cupric stearates in a number of aliphatic 
hydrocarbons.
Unlike most of the surface active agents and alkali metal
soaps, their heavy metal counterparts are less soluble in polar
solvents. They, however, show enhanced solubility in non-polar
solvents. This property has been attributed to some sort of
chemical combination between the molecules of the metal soaps
48and those of the solvent. Boner (1937) pointed towards this 
fact in the case of metal soap solutions in pyridine. Very
49recently, Stake and Matuura (1961) have tried to study the 
structure of some such complexes.
Inspite of the fact that a number of physico-chemical
methods (enumerated above) have been employed in the case of
heavy metal soaps, almost nothing has been done to study them
by polarography. It was therefore, thought worthwhile to apply
this technique in investigating the pyridine complexes of heavy
metal soaps. Incidently work in this direction had provided a
useful method for estimating the metal ion content, with certain
modifications, may be expected to replace the ordinary method of
*”* +1chCTiical analysis. The polarographic measurements of Ni Co
150
and Cu^^- palmitates and nyrlstate-pyridine complexes were carried 
otit in non-aqueous media (due to their large hydrolysis in 
aqueous solutions) under the following scheme*
Lithium chloride as supporting electrolyte in 1*1 benzene-
>
methanol mixture.
2, Methyl hydrogen sulphate as supporting electrolyte in 1j1 
benzene-methanol mixture.
3. Potassium chloride as supporting electrolyte in ethylene 
glycol.
The present chapter also deals with another aspect of the 
problem, viz*, the colorimetric estimation of heavy metal ions 
with the help of pyridine complexes*
B X P E R I M E H T A L
1• Reagents! Palmitic and Juristic acids were reagent grade 
products of B*D*E*, they were further purified before use. A*R. 
samples of metal salts (Cu"^ ,^ Ni^ *^  and Co^^), pyridine. Sulphuric 
acid, Potassium chloride were used. Benzene, Methyl alchhol, and 
Glycol were purified and prepared free from water. Methyl red 
and Lithium chloride were of B,D*E* products. Triple distilled 
pure A,R, Mercury was used for polarographic measurements.
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2, Preparation of metal soaps> Metal soaps were prepared by
50precipitation method , they were purified and analysed for the 
metal content of the soap. These solutions were prepared by 
dissolving a known amount in A.R. pyridine,Care was taken to avoid 
small traces of water, because it hydrolyses the soap,
3, Preparation of supporting electrolytest Solutions of LiCl
and KCl were prepared by dissolving a known amount in 1:1 methanol
benzene mixture and ethylene glycol respectively. Solution of
methyl hydrogen sulphate was prepared as described by Lewis and 
51coworkers•
4, Apparatus and Technique! Polarographic measurements were
carried out with a Langes Polarometer (Model III, No, 46) in
conjungtion with a Multiflex galvanometer Type MGF2. Experiments
were carried out in an H-type cell as devised by Lingane and 
52Laitinen using dropping mercury as cathode. An inert atmosphere
was maintained by passing pure nitrogen (through acidic chromous
chloride and alkaline pyrogallol) in the cell. The capillary
constant in the different supporting electrolytes
-1/2were 1,€l8 for LiCl, 1,532 for MeHSO^ and 1,610 mgSec for KCl, 
In some cases methyl red (in 1s1 benzene-methanol mixture) was 
used as maximum suppressor. All the measurements were carried 
out at 25 1 0,1 °C in thermostatic water bath (Townson and Mercer)
For studying the absorption spectra in the colorimetric 
estimation of metal ions a Bausch and Lomb 'Spectronic 20» was 
employed. Red filter was was used for carrying out measurements
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in the region 650 to 1000 biu*
5* Proceduret
Ca) Polarographyt In carrying out polarographic measurements 
first of all the effect of supporting electrolyte concentration 
on the wave as such was studied hy taking a known amount of the 
soap solution in pyridine in the polarographic cell, supporting 
electrolyte was added and the total volume was made 30 CC, hy 
adding requisite amount of 1t1 methanol-benzene mixture in the 
case of Li Cl and M^SO^ and ethylene glycol in the case of KCl. 
This procedure was repeated in presence of varying amount of 
supporting electrolyte concentration. For applying this method 
in estimating metal content of the soap solution, a known amount 
of metal soap solution (in pyridine) was taken in the cell, a 
fixed amount of supporting electrolyte was taken and the total 
volume was made 30 cc, by adding 111 methanol-benzene mixture or 
ethylene glycol* The same experiment was repeated under identica 
condition in presence of different concentrations of metal soap. 
In all the cases care was taken (i) that the composition of the 
solution i*e, the amoimt of pyridine and solvent must remain 
same otherwise the current will differ and (ii) any small trace 
of water will be avoided.





Polarograms of 0«636mM (nQrristate) in presence of
different concentrations of LiCl (order 10“% )
Solvent 1«1 benzene - methanol mixture and pyridine,
Applied C u r r e n t  (0,2 uA)
potential i 2 3 4 5 6
in Volts 26.6 33.3 50.0 66.6 8.33
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.40 0.0 0.0 0.0 0.0 0.0 0.0
0.50 0.0 0.0 0.0 0.0 0.0 0.0
0.60 1.0 1.0 1.0 1.0 0.0 0.0
0.65 1.0 1.0 1.0 1.0 0.5 0.5
0.70 1.5 2.0 2.0 1.5 1.0 1.0
0.75 7.0 5.5 6.5 5.0 4.0 3.5
0.80 10.0 10.0 10.0 10.0 8.0 10.0
0.85 11.0 11.0 11.0 11.5 10.0 11.0
0.90 11.0 11.0 11.0 11.5 11.0 11.0
1.00 11.0 11.0 11.0 12.0 11.0 11.0
Fig. 92.
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Polarograms of xmM - (myristate) in 0,33 M LiCl* 
Solvent 1s1 benzene methanol mixture and pyridine
Table 2,
Applied C u r r e n t  (0,2 uk)
potential  ^ 2 3 4 5 6
in Volts, ^^261 1^513 1^755 ,^392
0.0 0.0 0,0 0,0 0,0 0.0 0.0
0,4 0.0 0.0 0.0 0,0 0.0 0.0
0.5 0.5 0.75 1.0 0,5 0.0 0.5
0.6 1.0 1.0 1.0 0.5 0.5 1.0
0.7 1.0 1.0 1.0 0,75 0.5 1.0
0.8 2,5 3.5 2,0 2,0 3.0 4.0
0,9 8.5 12.5 15.0 17.0 18.5 21 ,0
1,0 8.5 13.5 17.0 19.0 24.5 25.0
1.1 8.5 14,5 17.0 20.5 24.5 25.0
1.2 8.5 14,5 17.0 20.5 24.5 25.0
1.4 8.5 14,5 17.0 20.5 24.5 25.0
Fig, 93.
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Polarograms of 0,51/^ (palmitate) in presence of
different concentrations of LiCl (order 10 M),
Solvent - 1*1 benzene-methanol mixture and pyridine.
Table 3.
Applied C u r r e n t  (0.2 uA)
potential  ^ 2 3 4 5 6
in Volts. 26.6 33.3 50.0 66.6
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.50 0.0 0.0 0.0 0.0 0.0 0.0
0.60 0.0 0.0 0.0 0.0 0.0 0.0
0.70 0.5 0.5 0.5 0.5 0.5 1.0
0.75 2.0 1.75 2.01 2.0 2.0 2.0
0.80 6.0 6.0 6.5 7.0 7.5 5.0
0.85 8.0 8.0 8.0 9.0 9.0 9.5
0.90 8.5 8.0 8.5 9.5 9.5 10.0
0.95 9.0 9.0 9.0 10.0 9.5 10.0
1.00 9.5 9.5 9.5 10.0 9.5 10.0
1.1 9.5 9.5 9.5 10.0 9.5 10.0
Pig. 94.
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Polarograms of xmM-Nl"''^ (palmitate) in 0*166M LiCl 
Solvent - 1*1 benziMie - methanol mixture and pyridine
Table 4.
Applied C u r r e n t  (0.2 xJl)
potential . 2 3 i. <5 6in Volts  ^ ^ ^ 5 6
0.517 0.828 1.035 1.2/i2 1 . W  1.552
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.60 0.0 0.0 0.0 0.0 0.0 0.0
0.70 0.0 0.0 0.0 0.0 0.0 0.0
0.80 n o 1.0 1.0 1.0 1.0 1.0
0.85 3.5 5.5 5.5 5.5 5.5 5.5
0.90 7.0 10.5 12.0 15.0 23.0 25.0
1.00 8.5 13.5 15.0 20.0 24.0 26.0
1.10 8.5 13.5 16.5 20.0 24.0 26.0
1.20 8.5 13.5 16.5 20.0 24.0 26.0
U30 8.5 13.5 16.5 20.0 24.0 26.0




Polarograms of 0,636mM (layrlstate) in presence of
different concentrations of MeHSOj|^  (order
Solvent - 1 * 1 benzene - methanol mixttire and pyridine
Applied C u r r e n t C  0.2 uA )
potential  ^ 2 3 4 5in Volts.
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.40 0.0 0.0 0.0 0.0 0.0 0.0
0.50 0.5 0.5 0.5 0.5 0.5 0.5
0,60 0.5 0.5 0.5 0.5 0.5 1.0
0.65 0.5 1.0 1.0 1.0 0.5 1.0
0.70 2.0 2.0 2.0 1.5 1.0 1.5
0.75 7.0 7.0 6.0 4.5 4.5 2.5
0.80 10.0 11.0 12.0 10.0 8.0 5.0
0.85 12.0 14.0 15.0 12.5 11.0 8.0
0.90 13.0 16.5 16.5 15.0 12.5 9.5
0.95 12.0 14.0 15.0 12.5 11.0 10.0
1.00 10.0 11.5 12.5 11.0 9.0 10.0
1.1 10.0 11.5 12.5 11.0 9.0 10.0
Pig. 96.
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Polarograms of x-mM-Ni'^ '^ Ciiiyristate) in 0,33M 
Solvent - 1*1 benzene-methanol mixture and pyridine.
Table 6.
Applied C u r r e n t C  0.2 iiA)
potential  ^ 2 3 4 5 6
in Volts. ^^261 1.513 1,765 1.892
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.4 0.0 0.0 0.0 0.0 0.0 0.0
0.6 0.5 0.5 0.5 0.5 0.5 0.5
0.7 1.0 1.0 1.0 1.0 1.0 1.0
0.8 2.0 3.0 4.0 5.5 5.5 6.0
0.9 9.0 15.5 20.0 25.0 27.0 28.5
1.0 9.5 15.5 20.0 24.0 26.5 28.5
1.1 10.0 15.5 20.0 24.0 26.5 28.5
1.2 10.0 15.5 20.0 24.0 26.5 28.5




Polarograms of 0 , 5 1 Ni'*"^ (palmitate) in presence of 
different concentrations of MeHSOji^  (order 10”^ M), 
Solvent - 111 benzene-methanol mixture and pyridine
Applied C u r r e n t (0.2 UA)
potential  ^ 2 3 4 5 6
in Volts. 16.66 26.66 33.33 50.00 66.66
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.50 0.0 0.0 0.0 0.0 0.0 0.0
0.60 0.0 0.0 0.0 0.0 0.0 0.0
0.70 1.5 0.5 1.0 1.0 1.0 1.0
0.75 5.5 5.5 5.0 4.0 3.0 4.0
0.80 9.0 9.0 8.0 10.0 9.0 7.5
0.85 10.0 9.5 9.0 10.0 10.0 10.0
0.90 10.0 10.0 9.5 10.0 10.0 10.0
0.95 10.0 10.0 9.5 10.0 10.0 10.0
1.00 10.0 10.0 9.5 10.0 10.0 10.0
Fig. 98.

Polarograms of x-iaM Nl^^(palmitate) in 0,1 M MeHSO^ 
Solvent - 111 bensiene - methanol mixture and pyridine
TablQ 8.
Applied C u r r e n t ( 0.2 \xk )
potential -j 2 3 4 5
in Volts. 0.828 1.035 1.242 1.449
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.20 • 0.0 0.0 0.0 0.0 0.0 0.0
0.40 - 0.0 0.0 0.0 0.0^ 0.0 0.0
0.60 0.5 0.5 0.5 0.5 0.5 0.5
0.70 0.5 0.5 0.5 0.5 0.5 0.5
0.75 1.0 1.0 1.0 1.0 1.0 1.0
0.80 3.0 4.0 6.5 7.5 7.5 7.5
0.90 9.5 15.0 19.0 23.0 29.0 30.0
1.0 9.5 15.0 19.0 23.04 27.5 29.0
Fig. 99.
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Polarograms of 1.009mM state) in presence of
different concentrations of KCl (order 10“^M).
Solvent - ethylene glycol and pyridine.
Applied C u r r e n t  (0.04 uA)
^ 2 3 4 5 6in voxxs 20.00 25*00 33.33
Table 9.
0.60 1.25 1.25 1.25 n o 1.0 0.75
0.70 1.25 1.25 1.25 1.0 1.0 1.0
0.75 2.5 2.25 2.0 1.75 1.75 1.5
0.76 3.5 3.0 2.5 2.5 2.25 2.25
0.77 5.0 4.0 4.0 3.5 3.0 3.5
0.78 7,0 5.5 5.5 5.0 4.5 6.0
0.79 10.0 8.0 8.0 8.0 6.0 8.5
0.80 13.0 12.0 12.0 11.5 9.5 12.0
0.85 23.5 22.0 23.0 23.5 22.5 25.0
0.90 24.5 24.5 24.5 25.0 25.0 25.0
1.00 24.5 24.5 24.5 25.0 25.0 25.0
Fig. 100.
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Polarograms of x mM pi state) in 0,166M KCl.
Solvent - ethylene glycol.
Table 10.
Applied C u r r e n t C  0,04 «A )
potential y 2 3 4 5 6in Volts,
0,4 0,0 0,0 0,0 0,0 0.0 0,0
0,5 0,5 0,5 0,5 0,5 0.5 0.5
0.6 1.0 1.0 1.0 1.0 1.0 1.0
0.7 1.5 1.5 1.5 1.5 1.5
0.8 4.0 4.0 4.0 4,0 4,0 4,0
0,85 16,0 22.0 24.0 28,0 28,0 28.0
0.90 19.G 28.0 35.0 42.0 45.0 50.0
1.0 19.0 30.0 36,5 44.0 51.0 56,0
1.5 19.0 30.0 36.5 44.0 51.0 56,0
2,0 19.0 30.0 36.5 44.0 51 .0 56,0
Pig. 101,
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different concentrations of KCl (order 10 M)
Solvent - ethylene glycol and pyridine
Table 11.
Polarograms of 0,828mM Ni^'^Cpalmltate) in presence of
-2
Applied C u r r e n t  (0.04 uA)
potential 1 2  3 4 5 6in Volts. • ^ ^ :> o
8.33 13.33 16.66 20.00 25.00 33.33
0.6 0.5 0.5 0.5 0.5 0.5 0.5
0.7 1.0 1.0 1.0 1.0 1.0 1.0
0.75 1.5 2.0 1.5 2.0 1.5 1.5
0.76 4.0 3.0 2.0 3.5 2.5 2.0
0.77 6.0 4.0 • 3.0 4.5 3.5 3.5
0.78 7.0 8.0 4.0 7.0 5.5 5.0
0.79 9.0 10.0 8.0 12.0 9.0 8.5
0.80 15.0 16.0 13.0 15.0 15.0 12.5
0.85 30.0 29.0 30.0 31.0 31.0 29-.0
0.90 31.0 30.0 31.0 31.0 31.0 31.0
1.00 31.0 30.0 31.0 31.0 31.0 31.0




Polarograms of siiM Nl'^^(palmitate) in 0,166M KCl, 




C u r r e n t  (0,04 uA) 
1 2 3 4 5
0.517 0.828 1.035 1.24? 1.449
0.20 0.0 0.0 0.0 0.0 0.0 0.0
0.40 0.5 0.5 0.5 0.5 0.5 0.5
0.60 0.5 0.5 0.5 0.5 0.5 0.5
0.70 1.0 1.0 1.0 1.0 1.0 1.0
0.75 1.5 1.5 1.5 1.5 1.5 1.5
0.80 7.0 9.0 20.0 30.0 40.0 50.0
0.90 21.5 33.0 39.0 48.0 53.0 60.0
1.00 21 i5 34.5 42.0 50.0 57.0 62.0
1.10 21.5 34.5 43.0 52.0 59.0 63.0





Polarograms of 0,990mM Co (myristate) in presence of 
different concentrations of LiCl (order 10“^M)




C u r r e n t  (0,2 tiA)
1 2 3 4 5 6














































































































Polarograms of x-mM Co*^ *^  (myristate) in 0.111M LiCl 
Solvent - 1s1 benzene - methanol mixture and pyridine
Table 14.
Applied C u r r e n t  (0.2 uA)
potential  ^ 2 3 4 5 6
in Volts. 1^940 2.370 3.004 3.880
0.40 0.25 0.50 0.75 0.75 0.75 1.00
0.50 0.50 0.75 1.00 1.00 1.25 1.50
0.60 0.75 1.00 1.50 1.50 2.00 3.00
0.70 1.00 1.50 2.00 2.00 3.00 3.50
0.80 1.50 2.50 3.00 3.50 4.00 6.00
0.90 2.50 3.00 4.00 4.50 5.00 7.50
1*00 3.00 3.50 4.50 5.00 5.50 8.50
1.10 6.00 9.00 9.50 12.00 12.00 14.50
1.20 6.50 14.00 15.00 21.50 21.00 31.00
1.30 6.50 14.00 17.00 21.50 27.00 33.00




Polarograms of 0,875nM/ (palmitate) in presence of 
different concentrations of LiCl (order 10”^M).




C u r r e n t  (0,04114)
1 2 3 4 5 6



























































































































Polarograms of x mM (palmitate) in 0.111M LiCl. 
Solvent - 1;1 benssene - methanol mixture and pyridine
Applied 
potential in Volts. 10.875
C u r r e n t  
2 3 
1.400 1.750





0.30 0.5 0.5 0.5 0.0 0.0 0.0
0.40 0.5 0.5 0.5 0.5 0.5 0.5
0.50 0.7 1.0 0.70 0.5 0.5 0.5
0.60 1.0 1.5 1.0 1.0 1.0 1.0
0.65 1.0 1.5 1.0 1.0 1.0 1.0
0.70 1.0 1.5 1.0 1.0 1.0 1.0
0.75 mm - - 1.5 1.0 1.5
0.80 1.5 1.5 1.5 1.5 1.5 1.5
0.85 - - - 1.5 1.7 2.0
0.90 2.0 1.5 2.0 2.0 2.0 2.0
1.00 2.0 1.5 2.0 2.0 2.5 2.5
1.05 2.5 2.5 2.5 2.5 3.0 3.0
1.10 3.0 5.5 5.5 , 5.5 5.5 5.5
1.15 8.0 8.0 11.5 13.5 15.0 15.0
1.20 8.0 14.0 16.0 19.0 21.0 25.0
1.25 8.0 14.0 16.0 19.0 21.0 25.0




different concentrations of KCl (order 1G M),
Solvent - ethylene glycol and pyridine.
Polarograms of 0*646mM Co'^ '^ (myrlstate) in presence of
**2
Applied C u r r e n t C  0.04 uA)
potential  ^ 2 3 4 5 6in Volts. 5.00 8.^3 13.32 16.66 24.99 33.32
0.00 - 3.0 -5.0 -7.0 -9.5 -15.0 -22.5
0.10 0.0 -1.0 -1.0 -1.0 -1.0 - 1.0 
0.20 1.0 0.0 0.0 0.5 0.5 0.5
0.30 1.5 0.5 0.5 0.7 0.7 1.5
0.40 1.5 1.0 1.0 1.0 1.0 1.5
0.50 2.0 1.5 1.5 1.2 1.0 2.5
0.60 2.0 1.5 1.5 1.2 1.2 2.5
0 . 70 2.5 2.0 1.5 1.5 1.2 2.5
0.80 2.5 2.0 1.5 1.5 1.5 2.5
0.85 3.0 2.0 2.0 1.5 1.7 2.5
0.90 3.0 2.5 2.0 2.0 2.0 3.0
0.95 4.5 2.5 2.0 2.0 2.0 3.0
1.00 11.0 4.0 4.0 6.0 5.5 6.5
1.10 11.0 11.0 10.5 10.0 10.0 10.0
1.15 11.0 11.0 11.0 10.5 10.5 10.5





Polarograms of x-aM Co'^ '^ (inyTistate) in 0.1M KCr 




C u r r e n t (  0.04 uA)
1 2 3 4 5 6























































































































































Polarograms of 0.875nM Co'^^(palmitate) in presence of 
different concentrations of KCl (order 10”^M)
Solvent - ethylene gljreol and pyridine.
Applied C u r r e n t (0,04 uA)
potential in Volts. 1 2 3 4 5 65.00 8.33 13.32 16.66 24.99 33.33
0.10 -1.00 -0.50 -1.00 -1.5 -2.0 -2.5
0.20 0.50 0.25 0.00 0.0 0.0 0.0
0.30 0.75 0.50 1.00 1.0 0.5 0.5
0.40 1.50 1.50 1.50 1.5 1.25 1.25
0.50 1.50 1.50 2.0 2,0 2.0 2.0
0.60 2.0 2.0 2.0 2.0 2.5 2.0
0.70 2.0 2.25 2.5 2.5 2.5 2.5
0.80 2.5 2.25 2.5 2.5 3.0 2.75
0.85 2.5 2.5 2.5 3.0 3.0 3.0
0.90 2.5 2.5 3.0 3.0 3.0 3.0
0.95 3.0 2.5 3.0 3.0 3.0 3.0
1.00 4.0 3.0 3.5 3.5 3.5 3,5
1.05 10.0 9.5 8.5 7.5 lO.a 10.0
1.10 11.5 11.0 11.0 12.0 12.0 11.5
1.20 11.5 11.5 11.5 12.5 12.5 12.0
1.30 12.5 12.5 12.5 12.5 12.5 12.5





Polarograms of x mM Co*^ "^  (palmitate) in 0.1M KCl 
Solvent - ethylene glycol and pyridine.
Applied C u r r e n t (  0,04 xjA  )
potential  ^ 2 3 4 5 6
in Volts. 2.100 2.450 2.625
0.2 0.0 0.0 0.0 -0.5 -0.5 0.5
0.3 1*0 1.0 1.5 1.0 1.0 1.0
0.4 1.5 2.0 3.0 2.25 2.5 2.5
0.5 2.5 ' 3.5 4.5 3.25 3.5 3.5
0.6 2.5 3.5 4.5 3.5 3.5 3.5
0.7 2.5 3.5 4.5 3.5 3.5 3.5
0.8 3.0 3.5 4.5 3.5 4.5 4.5
0.9 3.0 4.0 5.5 4.5 4.5 4.5
1.0 3.5 4.5 6.5 4.5 5.5 5.5
1.1 15.0 23.5 30.0 21.0 35.0 40.5
1.2 15.0 23.5 30.0 35.0 38.0 40.5
1.3 15.0 23.5 30.0 35.0 38.0 1*0,5
1.4 15.0 23.5 30.0 35.0 38.0 40.5





Polarograms of 0«992jM (myristate) in presence of different
—2concentrations of LlCl (order 10 M)
Solvent - 1:1 benzene-methanol mixture and pyridine*
Applied C u r  r e n t  (0,04 bA)
potential . ^ l k ain Volts,  ^ ^ ^ 4 5 6
4,44 11.10 17.76 22.20 33.30 44.40
0.10 -2.5 -5.0 -10.0 -15.0 -20.0 -25.0
0.15 15.0 15,0 15.0 14.0 13.0 12.0
0.20 15.0 16.0 16.0 16.5 15.0 14.0
0.30 15.5 16.0 16.0 16.5 15.5 15.0
0.40 16.0 16.0 17.0 17.0 15.5 16.0
0.45 18.0 18.0 22.0 21 .0 21.0 20.0
0.50 25.0 26.0 28.0 28.0 27.0 27.0
0.55 33.0 31.0 33.0 32.0 32.0 32.0
0.60 34.0 32.0 34.0 34.0 33 .0 32.0
0.70 34.0 34.0 34.0 34.0 34.0 33.0
0.80 34.0 34.0 34.0 34.0 34.0 33.0
0.90 , 34.0 34.0 34.0 34.0 34.0 33.0




Polarograms of xmM Cn"*”*’ (myrlstate) in 0,11M LiCl 
Solvent - 1*1 benzene - methanol mixture and pyridine.
Applied C u r r e n t ( 0,2 tiA)
^ 5 6
0,990 1.584 1,980 2.376 2.772 2.970
0.15 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25
0.20 3.5 5.0 5.5 7.0 7.5 9.0
0.30 3.5 5.0 . 6.0 7.0 8.0 9.0
0.40 3.5 5.0 6.0 7.0 8.0 9.0
0.50 3.5 5.0 6.0 7.0 8.0 9.0
0.60 5.0 7.5 8.5 10.5 12.0 12.5
0.70 5.0 8.5 10.0 12.0 13.0 15.0
0.80 5.0 8.5 10.0 12.0 13.0 15.0
0.90 5.0 8.5 10.0 12.0 13.0 15.0





Polarograms of 0*68mM (palmitate) in presence of
different concentrations of LiCl (order 10"%),
Solvent “ 1j1 benzene - methanol mixture and pyridine*
Applied C u r r e n t (  0,04 tiA ) .
potential  ^ 2 3 4 5  6
in Volts. 22.20 33.30 44.40
0.10 8.0 4.0 3.0 2.0 1.0 1.0
0.20 15.0 14.0 14.0 15.0 14.0 15.0
0.30 15.0 15.0 15.0 15.0 15.0 15.0
0.40 , 15.0 15.0 15.0 15.0 15.0 15.0
0.45 20.0 21.0 20.0 18.0 18.0 18.0
0.50 25.0 26.0 30.0 30.0 30.0 30.0
0.55 28.0 29.0 30.0 30.0 30.0 30.0
0.60 30.0 30.0 30.0 30.0 30.0 30.0
0.70 30.C^ 30.0 30.0 30.0 30.0 30.0
0.80 30.0 30.0 30.0 30.0 30.0 30.0
0.90 30.0 30.0 30.0 30.0 30.0 30.0
Fig. 114.
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Polarograms of x mM (palmitate) in 0,111M LiCl
Solvent - 1*1 benzene - methanol mixture and pyridine
Applied C u r r e n  t ( 0,2 uA )
potential  ^ 2 3 4 5 6
in Volts. ^^^22 1.904 2*040
Table 24.
0.20 3.5 5*5 7.5 7.5 8.0 9.0
0.30 3.5 5.5 7.5 7.5 8.0 9.0
0.40 3.5 5.5 7.5 7.5 8.0 9.0
0.50 3.5 5.5 7.5 7.5 8.0 9.0
0.60 6.0 9.5 10.5 11*5 12.0 12.0
0.70 6.0 10.0 12.5 14.0 15.5 17.0
0.80 6.0 10.0 12.5 14.0 15.5 17.0
0.90 6.0 10.0 12.0 14.0 15.5 17.0




different concentrations of M^SO^ (order 10 M),
Solvent - 1j1 benzene - methanol mixture and pyridine 
0.004^ methyl red as maximum suppressor.
Polarograms of 2.376inM (myristate) in presence of
«2
Applied C u r r e n t C  0.2 uA)
1 2  3 4 5 6
10.0 16.9 26.6 33.3 50.0 66.6
0.0 7.0 7.0 7.0 7.0 7.0 7.0
0.05 7.0 7.0 7.5 7.0 7.0 7.0
0.10 7.0 7.0 7.5 7.0 7.0 7.0
0.15 7.0 7.0 7.5 7.0 7.0 7.0
0.20 7.0 7.0 7.5 7.0 7.0 7.0
0.25 7.0 7.0 7.5 . 7.0 7.0 7.0
0.30 8.0 8.0 8.0 8.0 8.5 9.0
0.35 10.0 10.0 11.0 9-5 11.5 11.5
0.40 14.5 14.0 14.5 11*5 14.5 14.5
0.45 17.0 16.5 17.0 14.5 16.5 16.5
0.50 18.5 17.5 17.5 16.0 17.O 17.O
0.55 19.0 18.0 18.0 18.0 18.0 17.5
0.60 19.5 18.5 19.0 19.0 19.0 18.5
0.70 20.0 19.5 19.5 19.5 19.5 19.0





Poiarograms of x mM (myristate) in 0,16^  MdBSO^ 
Solvent - 1i1 benzene - s^ethanol mixture and pyridine and 
0,004^ methyl red as maximum suppressor.
Applied C u r r e  n t C  0*2 tiA )
potential  ^ 2 3 4 5 6
in Volts. 2.376 2.970 3.560 4.158 4.455
0.0 3.5 8.5 10.0 39.0 45.0 50.0
0.05 3.5 8.5 10.0 57.5 60.0 68.0
0.10 3.5 8.5 10.0 69.0 70.0 80.0
0.15 3.5 8.5 10.0 85.0 90.0 90.0
0.20 3.5 8.5 10.0 100.0 110.0 115.0
0.25 3.5 8.5 11 .0 110.0 115.0 120.0
0.30 4.5 9.5 12.0 13.0 15.0 16.0
0.40 6.5 12.0 14.5 13.0 15.0 16.O\
0.45 7.5 13.5 17.5 14.0 17.0 20.0
0.50 9.5 16.0 19.0 20.0 20.0 25.0
0.55 10.0 16.0 19.0 24.0 25.0 30.0
0.60 10.0 16.0 19.0 24.0 28.0 30.0
0.70 10.0 16.0 19.0 24.0 28.0 30.0
0.80 10.0 16.0 19.0 24.0 28.0 30.0
Pig. 117
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different concentrations of MeHSO/j^  (order 10 M) and pyridine
Solvent - 1:1 benzene - methanol mixture,
0,004^ methyl red as maximum suppressor.
Table 2?.
Polarograms of 0,98mM Cu'^ '^  (palmitate) in presence of
-2
Applied C u r r e n t C  0,2 uA )
potential 1 2  3 U S 6in Volts. ^ °10.0 16.9 26,6 23.3 50.0 66.6
0.0 5.0 5.0 5.0 5.0 5.0 5.0
0.05 5.0 5.0 5.0 5.0 5.0 5.0
0.10 5.0 5.0 5.0 5.0 5.0 5.0
0.15 5.0 5.0 5.0 5.0 5.0 5.0
0.20 5.0 5.0 5.0 5.0 5.0 5.0
0.25 5.5 6.0 5.5 5.5 5.5 5.0
0.30 7.0 7.5 7.0 6.0 5.5 5.5
0.35 7.5 8.0 8.0 7.0 6.0 7.5
0.40 8.0 8.5 8.0 8.0 8.0 8.0
0.45 9.5 9.5 9.5 9.5 10.0 9.5
0.50 11.5 12.0 11.0 12.0 13.0 12.0
0.55 13.5 13.5 13.0 14.5 14.5 14.5
0.60 14.0 14.5 14.5 14.5 14.5 14.5
0.65 14.5 14.5 14.5 14.5 14.5 14.5
0.70 14.5 14.5 14.5 14.5 14.5 14.5




Polarograms of x mM (palmltate) in 0,166M
Solvent “ 111 benzene-jnethanol mixture and pyridine 0.004^ methyl-red as maximum suppressor.
Applied C u r  r e n t (  0,2 uA )
1 2 3 4 5 6
0.980 1.568 U960 2.352 2.744 2.94<
0,00 5.0 7.5 30.0 32.5 35.0 37.5
0.05 5.0 7.5 50.0 51.0 51.0 54.5
0.10 5.0 7.5 55.0 60.0 60.0 60,5
0.15 5.0 7.5 75.0 80.0 85.0 85.0
0.20 5.0 7.5 10.0 13.0 15.0 16.5
0.25 6.0 8.5 10.0 13.0 15.0 16.5
0.30 7.5 10.0 10.0 13.0 16.0 16.5
0.35 10.0 12.5 12,5 15.0 20.0 20.0
0.40 10.0 15.5 15.9 17.5 22.0 22.5
0.50 10.0 15.5 19.0 2.0 25.0 25.0
0.60 10.0 15.5 19.5 24.0 28.0 30.0
0.70 1 0.0 1 5.5 19.5 24.0 28.0 30.0






Polarograms of 1,485 inM (piyristate) in presence of 
different•concentrations of KCl (order 10"^M)
Solvent - ethylene glycol and pyridine.
Applied C u r r e n t (  0,04 uk )
1 2 3 4 5 6
5.00 8.33 16.66 20.00 25.00 33.33
0,05 2.0 0.0 -1.0 -2.5 -5.0 -10.0
0.10 3.5 4.0 , 4.5 4.0 3.0 4.5
0.15 4.0 5.0 5.5 5.5 5.5'> 6.0
0.20 5.5 6.0 6.5 6.5 7.0 6.5
0.25 6.0 7.0 7.0 7.0 7.5 7.0
0,30 6.0 7.5 7.5 7.5 8.0 7.5
0.35 7.0 8.5 8.5 8.5 9.0 8,0
0.40 10^5 13.5 13.0 12.5 12.5 15.0
0.45 12.5 14.5 15.0 15.0 15.0 15.0
0.50 15.0 14.75 15.0 15.0 15.0 15.0
0.60 15.0 14.75 15.0 15.0 15.0 15.0
0.70 15.0 14.75 15.0 15.0 15.0 15.0
0.80 15.0 14.75 15.0 15.0 15.0 15.0
Pig. 120.
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Polarograms of x mM Cu'^ '^ (myristate) in 0.083M KCl 
Solvent - ethylene glycol and pyridine.
Table 30.
Applied C u r r e n t C  0.04 nk )
frioltf  ^ 2 3 4 5 6in voxxs.
0.10 9.0 14.0 18.0 22.5 26.5 28.0
0.15 9.0 14.5 18.0 22.5 26.5 28.0
0.20 9.0 14.5 18.0 22.5 26.5 28.0
0.30 9.0 14.5 18.0 22.5 26.5 28.0
0.40 9.0 14.5 18.0 22.5 26.5 28.0
0.45 9.0 14.5 18.0 22.5 26.5 28.0
0.50 11.5 19.5 22.5 24.0 32.0 33.0
0.55 16,0 26.5 33.0 34.0 47.0 50.0
0.60 16.0 26.5 33.0 40.0 47.0 50.0
0.70 16.0 26.5 33.0 40.0 47.0 50.0




Polarograms of 0,980mM Cu*^ *^ (palmitate) In presence of 
different concentrations of KCl (order 10”^M),
Solvent - ethylene glycol and pyridine*
Applied C u r r e n t C  0.04 tiA)
potential in Volts. ^ 2 3 4 5 6
0.05 2.0 2.0 -1.0 -^.0 -6.0 -10.0
0.10 2.5 3.5 3.0 3.5 2.5 2.0
0.15 3.0 4.0 4.0 4.0 4,0 3.5
0.20 4.5 5.0 4.0 5.0 4,0 4.0
0.25 5.0 5.5 4.5 5.5 4.5 4.5
0.30 5.0 5.5 5.0 6.0 5.0 5.0
0.35 6.5 6.5 5.5 6.5 5.5 5.5
0.40 11.0 8.0 8.5 9.0 8.5 7.0
0.45 11*0 11.0 11.0 11.0 11.0 11.0
0.50 11.0 11.0 11.0 11.0 11.0 11.0
0.55 11.0 11.0 11.0 11.0 11.0 11.0
0.60 11.0 11.0 11.0 11.0 11.0 11.0
0.70 11.0 11.0 11.0 11.0 11.0 11.0
0.80 11.0 11.0 11.0 11.0 11.0 11.0




Polarograms of x mM Cu"^ C^palniitate) in 0*083M KCl 
Solvent - ethylene glycol and pyridine.
Table 32,
Applied C u r r e n t  ( 0.04 uA )
potential o o i c ^in Volts.  ^ 2 3 4 5 6
0,980 1.568 1.960 2.352 2.744 2.940
0.10 -5.0 -5.0 0.0 1.5 9.0 10.0
0.20 4.0 6.0 11.0 14.0 20.0 23.0
0.30 4.0 6.0 11.0 14.G 20.0 23.0
0.40 4.0 6.0 11 .0 14.0 20.0 23.0
0,50 4.0 9.5 14.0 15.0 20.0 23.0
0.55 9.0 15.0 20.0 23.5 25.0 23.0
0.60 11.0 15.0 23.0 24.0 32.0 30.0
0.65 11.5 17.5 23.0 26.0 32.0 35.0
0.70 11.5 17.5 23.0 26.0 32.0 35.0
0.80 11.5 17.5 23.0 26.0 32.0 35.0
0.90 11.5 17.5 23.0 26.0 32.0 35.0




In studying absorption spectra of metal-soap pyridine 
complexes, solutions of metal soaps were prepared by dissolving 
a kno-wn amount in pyridine, and its absorption was measured 
at different wavelengths, and a curve was then plotted between 
optical density and wavelength to know at irtiich wavelength 
maximum occus. In order to ascertain that the absorption was 
due to metal sotp pyridine complex and not due to metal pyridine 
complex, measurements were carried out with 'the solution 
of metal ions alone in pyridine.
In applying this method for the estimation of metal 
content of -toe soap, solutions of different concentrations 
of soap were prepared by diluting the concentrated solution 
of soap with pyridine and their optical density measured at 
the wavelength where the respective maximum occurs. The 




Absorption spectra of metal soaps in pyridine. 
(Myristate and Palmitate of Co"^  ^and Cu^^)
Wave O p i  t i  c a l  D e n s i t y
Ni^Wr Ni"*^ -^ palm Co"’‘‘-Eiyr Co'^ '^ -palm Cu'^ -^myr ctrpt














































































































Absorption spectra of metal ions and Co^ *^ )
in pyridine
Wave length 0 p 1 t i in mu c a 1 D ,oiM
e n s i t y
-
350 0.11 0.04 1.0
375 0.13 0.015 0.48
400 0.1 0.0 0.14
425 0.02 0.0 0.04
450 0.0 0.0 0.05
475 0.0 0.04 0.24
500 0.0 0.09 0.84
525 0.05 0.11 1.90
550 0.015 0.09 1.90
575 0.03 0.065 2.00
600 0.05 0.040 2.00
625 0.06 0.04 2.00
650 0.055 0.03 2.00
675 0.04 0.005 2.00
700 0.035 0.002 2.00
750 0.005 0.0 1.90






Absorption of - soaps in pyridine at different
concentrations•
Table 35.
Vol. of Soap 
in CO .
Total Vol. s 10 cc
/
Optical Density at 650 ma
Hi"^  ^palmitate Hi^ "^  7 ayristate 















Absorption of Co““ - soaps in pyridine at different
* concentrations•
Vol. of 
soap in cc 
Total Vol. r 5 cc
Optical Density
























Absorption of soaps in pyridine at different
concentrations.
7ol, of soap Opitical Density at 6?5 mu
in cc 4.^
















The polarograms of Co"^ *^  and soaps in
(i) dlfferait concentrations of supporting electrolyte and 
(ill)different concentrations of metal soaps are given in Pigs. 
92-123* From these results it is evident that well defined 
wave in these non-aqueous media are realised in most of the 
cases except with as supporting electrolyte where a
pronounced maximum exist. The latter could, however, he 
completely removed with methyl red (1*1 benz^e-methanol mixture 
for dilute solutions of copper soaps (at higher concentrations 
it reappeared) but in the case of nickel soaps it was not 
possible to eliminate It, but its presence did not markedly 
effect either or i^ determinations.
The value of Ei in different concentrations of supporting
. 53electrolytes and (to test the reversibility of the
wave are given in the following tables.
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Table I
Effect of suppoirtlng electrolyte conc* on the wave of
soap in - myristate.Ni*
cone. Of Ej V v ' l A  V a  V 4 - V 4 ° S f -  *3/4=*























-0.750 -.0.055 -0.750 -0.055 
-0.750 - 0.060 
- 0.750 - 0.060 
- 0.750 - 0.060 
-0.750 - 0.060
0.0833M *:i0.80 -O.C 
0.1333M ?P.80 -O.C 0.166^ -0.80 -O.C 0.200 M -0.80 ^.C 
0.250 M -0.80 -O.C 0.3333M -0.80 -O.C
Table II.
Effect of supporting electrolyte conc. on the wave of 
Hi ■ in Hi - palmitate
Oono. Of ^  of E^/^ Cone. E^/^
(Volt) (Volt) (Volt) (Volt) KCl (Volt) (Volt)
0.110 H -9.795 -0.060 0.100 H -0.750 -0.050 0.0833M -0.80 -0.056
0.166 H -0.795 -0.055 0.1666M -0.750 -0.050 0.1333M -0.80 -0.060
0.266 M -0.795 -0.055 0.266 M -0.750 -i0.060 0.1666m -0.80 -0.0600.333 M -P.795 -0.055 0.333 M -0.750 -P.050 0.200 M -0.80 -0.060
0.500 H -0.800 -0.055 0.500 M -0.755 -0.050 0.250 M -0.805 -0.060
0.666 M -0.800 -0.050 0.666 M -0.760 -0.050 0.333 M -0.810 -0.060
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Table III,
Effect of supporting electrolytes cone* on the wave of
Co^^ in Co^^ - myristate*





®3/4 • ®1/4 
(Volt)
0.044 M - 1*16 - 0.22 0.0500 M - 1.02 t; 0.05.
0.110 M - U08 - 0.09 0.0833 M - 1.02 - 0.04
0.176 M - 1.04 - 0.10 0.1332 M - 1.02 - 0.04
0.220 M - 1.02 - 0.09 0.1666 M - 1.01 - 0.05
0.330 M - i#oi - 0.10 0.2499 M - 1.01 - 0,06
0.440 M 1 *01 - 0.10 0.3333 M - 1.00 - 0.09
Table IV.
Effect of supporting electrolyte conc, on the wave of Co^ '^ in
Co**- - palmitate.
0.044 M - 1 .04 - 0.10 0.0500 M - 1.02 - 0.05
0.110 M - 1.05 - 0.07 0.0833 M - 1.02 - 0.07
0.176 M - 1.04 - 0.06 0.1332 M - 1 .04 - 0.10
0*220 M - 1.03 - 0.08 0.1666 M - 1.05 - 0.10
0.330 M - 1.05 - 0.08 0,2499 n - 1.04 - 0.06
0.440 M - 1.05 - 0.08 0.3333 M - 1.02 - 0.07
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Table V,






Cone, of E-i .MeHSOA /2
^ (Volt) (Volt) KOI
®Va V ' ® '
(Volt) (Volt
0,044 M - 0.48 - 0,055 O .t M -0#38 0.10 0.05 M ■::0.395 -0.C
0 .110<^ - 0.48 - 0.055 0.169 M -0.39 - 0.10 0.833 M -S0.395 r:P.C
- 0.48 - 0.055 0.266 M -0.41 - 0.16 0.1666m -0.395 -:0.C
0,222 M - 0,48 - 0.055 0,333 M -0,40 - 0.16 0.200 M rP.395 -0.C
0.333 H - 0.48 0.055 0.500 M -0.40 - 0.15 0.250 M -P.395 -O .c
0.444 M - 0.48 - 0.055 0.666 H -0.40 - 0,14 0.3333M -0.395
Table VI.
Effect of supporting electrolyte conc. on the waves of
in - palaitate*
Cone, of , Eo/ -E^, CJonc, of / Bo, -E. , Ctonc. E-| / E, , -E. . LiCl V2 V 4  M^SO, V 4  of '2 3/4 1/j
(Volt) (Volt) (Volt) (Volt) KCl (Volt) (Volt)
0.044/»M -0.48 t0.06 0.100 M -0*45 -0.13 0.05 H -0.385 -P.055
0.1 n o n :^.48 -0.06 0.169 M -0,46 - 0.16 0.0833M -0.385 -0.060
0.1776m -0.48 -0.06 0-^66 M -0.45 - 0.16 0.1666m -0.385 -^.050
0.222 M -0.48 - 0.06 0,333 M tP.46 -0.11 0.200 M •10.385 -^.050
0.333 M -^.48 -0.06 0.500 H -P .45 -0.11 0.250 M •:P.390 -P.050
0.444 M -0.48 -0.06 0,666 M -0.45 -0,11 0.333 M -0.390 -0.060
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From the above tables the following Inference can be draw
(i) The nickel soap is reducible at the dropping mercury electrc
and since the value of E3 comes out to be 0,05 - 0,06, it 
may be concluded that it is accompanied by one electron transfer 
and the reduction may be reversible. Moreover, that the 
concentration of supporting electrolyte influences but to a 
little extent the value of and that too at higher concentra­
tion ^ere a more negative value is realised. However a differer 
in the value for the two soaps, palmitates and ayristates,
exist. In the case of palmitate the value is more negative 
than a^ristate, probably due to the difference in the length 
of tiie carbon chain.
(ii) Cobalt soaps in LiCl (111 methanol benzene mixture) and 
KCl (ethylene glycol) give well defined waves. The reduction
of cobalt soap is also possible in MeHSO^, but the hydrogen wave 
interfere and it is difficult to get information of any value 
there. The value of shows that the reduction is an
irreversible one, and is markedly iiifluenced by the presence
of different conc^trations of supporting electrolyte.
(iii) Copper soaps give two waves, one of vrtiich is well defined 
while the other makes it appearance just before zero (Figs. 112-1
It appears that the reduction takes place in two steps 
CD Cu Cu (before zero) and(ii) Cu ’ 9 -v Hg^CuC
The value of ^3^^ - ^ V 4  second waves comes out to be
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0*05B to 0,06 in LiCl and KCl ^ile it gives atonoriBally bigh
value in MeHSOj^ # This indicates that in the first two supportini
electrolytes the reduction takes place reversibly while in
MeHSO/  ^the reduction is an irreversible .one. The effect of the
concentration of supporting electrolyte on E-i/« is almost the
ofsame as in the case^nickel except with MeHSOj^  wfe«pe a change 
is observed on varying the concentration of the supporting 
electrolyte.
The value of conc. of metal content in soap in millimoles 
per litre (c) diffusion current in micro-amperes (1 )^ and i^/C 
are given in the follovrilng tables:
Table VII.
Effect of Hi^ *^  soap conc, on Ni^ '" waves (myristate)
Conc. of G.33M LiCl 0.33M M ^ O .  0.166M KCl
metal inSoap c la/c I4 V o  la V c
0.636 m 1.70 2.673 2.0 3.144 0.76 1.1884
1.009 mM 2.90 2.876 3.10 3.070 1.20 1.1892
1.261 mM 3.4 2.634 4.0 3.226 1.460 1.1576
1.513 mM 4.1 2.710 4.8 3.172 1.760 1.1632
1.765 mM 4.9 2.776 5.30 3.002 2.04 1.1556
1 .892 mH 5.0 2.642 5.70 3.012 2.24 1.1624
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Table VIII*
Effect of Ni''“^ soap conc• on : waves (palmitate)
Cone, of 0.16^ LiCl 0.1M MeHSO. 0.16^ KClmetal in
ia/oSoap C id id id/C id id/C
0.517 m 1.70 3.288 1.90 3.676 0.860 1.6636
0.828 oM 2.70 3.260 3.00 3.622 1.380 1.6668
1.035 3*30 3.188 3.80 3.670 1.720 1.6624
1.242 m 4.0 3.220 4.60 3.704 2.080 1.6748
1.449 fflM 4.8 3.312 5.50 3.796 2.360 1.6288
1.552 fflK 5.2 3.350 • 5.80 3.736 2.540. 1.6368
■
Table IX
Effect of soap conc,. on Co^^ wave (myristate)
Cone, of 0.11 1M LiCl 0.1M KCl
metal in
V o V CSoap C id id
0.646 nil _ j 0.48 047W 8
0.776 piM 1^30 1.70101.552 laM 2.8 1.804 -*431.616 IBM 1.28 0.’7881.940 mM 3.4 1.752 -
2.370 m 4.30 1.814 32.584 m 1.96 0.7580 '
3*004 m 5.% 1.830 «»3.232 '.•i 2.'60 0.80043.858 mM 3.00 0.77823.880 mH 6.6. 1.7012 -Mi* .4.848 mM -3.60 0.7492
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Effect of soap conc. on the waves (palmitates)
Table XII
Cone, of 0.111M Lica 0.16^ MeHSO. 0.083M K d
metal in *r
Soap C id id id id/c
0.680 1.20 1.764 ■
0.980 2.0 2.04 o;46o 0.4692
1.088 2.00 1.818 mm1.360 2.50 1.838 -t* 'u W1.568 - — 3.10 1.978 0.700 0.44641.632 2;'80 1:714 - - - —1.904 3.10 1.628 -
1.960 - 3.90 1T99O 0.92 o;46922.040 3.4 1 ^666 -•J - -2.352 - «• 4.8 2.040 1.04 0.46482.744 z 5.6 2.038 1.28 0.46642.940 ■ •-«* 6.0 2.040 1.40 0.476
ittie various polarograms discussed above can also throw
#some light on the validity of the Ilkovic equation* Prom the
above tables it can be seen that the values of ±^/C remains
/fairly constant, irrespective of the reversibility of the waves, 
The value of i^j hence i^/C is smaller in KCl (glycol) this 
behaviour may be attributed due to high viscosity of glycol 
medium.
Spectrophotometry*
The absorption spectra of different soaps ,in pyridine 
are given in Fig. 124. The mximum appear at the following 
wave lengths.
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Absorption spectra of soaps in pyridine.
Table XIII.
Soap Wave length for maximum
Gopper-^yris tate 675 mu (well defined)
Copperrpalmitate 675 mu (well defined)
Ni ckel*:iayr i s ta te 650 mu (well defined)
Nickel-rpalmitate 650 mu (well defined)
Cobalt-^nyristate 450-^25 (ill defined)
Cobal t*^almi ta te 450-^25 (ill defined)
With a veiw to ensure Idiat the absorption values are due 
to soap complex, and not because of the fonaation of metal 
pyridine complex, absorption experiments were carried out with 
mixtures of metal salt solution and pyridine. It was found iiiat 
in the case of nickel no colour develops on adding Hi^ "^  equivalen 
to the concentration present in corresponding soap* Only when 
the concentration of the metal salt was 10 ^  a coloio* develops, 
giving a maximum at 625 mu* Like niclal the colour in the cobalt 
complex cotild only be observed when the concentration of Oo'^ '^ sal 
was lO"^, Here the maximum absorption was found to exist at 
525mu* Addition of small amounts of copper salt to pyridine 
resulted in the formation of precipitate idaile with quite 
concentrated solution a blue colour was developed showing an
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111 defined maxiBiQm at 600mu«
On plotting a graph between optical density (where 
the respective lasLXima exist) and the cone, of metal soap a 
linear relationship was obtained (Pig. 126-128)* The 
concentration range which have been studied are as followss
Table XIV.
Metal Soap Concentration range.
Copperrjnyristate 1.889-18.89
Ctopperrpalmitate 1.249-12.49
Cobalt-myristate .2.296 - 40.180
Cobalt-palmitate 1.656 - 41.400
Nickel - myristate 2.218 - 22.18
Nickel -. pilmitate 2.360 - 23.80
From the above result it was concluded that the metal 
ion in soaps can be determined from the methods described.
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R E V I E W
The chemical literature abounds in references on the 
physico-chemical properties of surface active agents including 
the various industrial and technological uses to which tiiey ha^  
been put from time to time. The valuable information available 
from the investigations of eminent workers like Me Bain, 
Hartley, Harkins etc, together with the useful data of other 
workers in the field of colloid science have provided avenues 
for further investigations. Amongst them certain aspects 
specially those related with the physico-chemical behaviour 
of less familiar surface active compouiias deserve a more 
critical study. Little less can be said about the pressing 
demand for putting them to new uses. Besides, problem like 
the mutual interaction of soaps and dyes or those concerning 
heavy metal soaps are equally interesting.
Aiming at what has been told above most of the work 
described in this thesis was devoted to either the class of 
compounds known as Twichell*s reagent or those belonging to 
quarternary pyridinium salts and Isothioureas, The aspects 
studiedl were (i) use of these compounds as maximum suppressors 
in polarographic analysis (ii) determination of the c,m,c, 
value by polarographic method and the comparison of the values 
with those obtained by conductivity and turbidimetry and 
(iii) their mutual interaction witti acidic and basic dyes.
The other part of the thesis deals with the polarographic 
behaviour of heavy metal soaps (myristates and palmitaies 
of Cu*^ -, Ni^ "^ ' and Co’^'^') in non^^aqueous media including the
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development of a new technique for the estimation of metal 
ions present in these soaps. The results are summarised 
below:
1. Anionic (sulphonated phenyl, tolyl and xylyl, stearic 
acids) and cationic soaps (dodecyl pyridinium bromide and 
Isothiourea dodecyl ether hydrobromide) were prepared in the 
pure form in the laboratory (page 17> 18)*
2* The use of these compounds iii the suppression of 
maximum in polarographic analysis were studied, in the case 
of a number of simple and complex metal ions viz,, Pb-’^, Co^ "^, 
Ni"^ ”^ 7, Co"''^ - Ni^ "* mixture, iodide 7. cadmium complex, Cut+- 
glycine complex and Cu-biuret complex. In this connection 
two cases need special mention, Kolthoff and Lingane 
C*Polarography*, page 509, Int. Pub. Hew York) and Lingane 
and Kerlinger (Ind. Eng, Chem. Anal. Ed,, 1J,, 77, 1941) 
reported their inability to suppress the maxima in iodide- 
cadmium complex and Co^^ - Ni”*^  ^mixture respectively. Using 
these compounds it was possible to eliminate almost completely 
these maximum (page 57) •
1
The values of Maximum Suppression Point - ttie 
concentration of the suppressor where the maximum just 
disappears (M,S,P.) and Specific Suppression Coefficient - 
the concentration of the suppressor at which the maximum 
attains half of its value (S.S.G.) were determined in presence 
of the reducible ions and supporting electrolytes. But for
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a few cases it had teen found that the aaount of the soap 
solution required to suppress the maxima of similar sign is 
greater than for those possessing dissimilar charges. These 
results find support in the work of Heyrorsky and Ilkovic 
(• Polarography* by Kolthoff and Lingane, page 168. Int. Puh*) 
Another interesting point worthmentioning is that a close 
relationship was found to exist between the position of tlie 
polarographic wave (with respect to the electrocapillary 
zero) and the M.S.P. values. For example the order of 
half wave potential for positive maxima is Cu-biuret ^  
Cu^^lycine ^  pb"^  ^ (page 62) and liiat for the negative
maxima is Co^^^ Co^’- - Hi^ '^ ^  Cdl/^  (page 62),
Experimental results on IDBH (in the case of positive maxima} 
and STSA and SXSA fairly bear out this point. The discrepan( 
in this particular behaviour have been attributed to factors 
like the presence of reducible ions, excess foreign 
electrolytes (which might influence micelle formation) and 
greater t I effect (that of STSA £Uid SXSA in comparison to 
SPSA), To explain the elimination of maxima in these casesj 
it has been proposed that the addition of surface active 
agents brings about a reduction in the zeta potential exist 
in the inner part of the double layer, with the result that 
the height of the maximum decreases. Finally it has been 
also find that these soaps can act as maximum suppressor or 
the both the sides of the electrocapillary zero.
3* !Kie critical micelle concentration of the above 
compounds (in presence of foreign electrolytes) were
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determined by polarographic method. In the case of anionic 
soaps a definite order SPSA ^STSA ^  SXSA^was found to 
exist. Furthermore it was found that the values were smaller 
in the presence of nitrate than in the presence of chloride 
and iodide ions. The approximate order for the three anions 
could he given C1‘ ^  NO^ '• Such influences were
however, not realized in the case of cationic soaps. The 
most striking point worthmentioning in these studies was that 
the values of polarographic micelle concentration was the 
same for SPSA, SXSA and STSA showing thereby that the critical 
micelle concentration was very much dependent on the number 
of carbon atoms present in the straight chain.
Supplementary evidence on the results of polarography 
was obtained from the conductometry and turbidimetry 
measurements. The former method had given the c.m.c. value 
of the order of 10 for anionic soaps (page 89) and of the 
order of 10 for cationic ones (page 89)* Further it was 
observed that a certain regularity existed in the c.m.c. value 
of the anionic soaps namely S ^A ^  STSA ^  SPSA. The 
existence of micelle in these soap solutions could also be 
seen on plotting th^ e curve between _/m and molar conductance 
(Figs. 56 - 60). Confirmation of the conductiviigr results 
was forthcoming from turbidity data (page 90). Here too the 
c.m.c. order for the various anionic soaps was found to be 
SXSA y  STSA^ SPSA. Discrepancies in the results on the 
polarography on one hand and those by the other two methods on 
the other hand may possibly be due to the presence of foreign
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electrolytes.
4, The other property of thesfe surface active agents 
which has heen studied is their affinity towards dyes. With 
this aim in view spectrophotome trie studies on the interaction 
of anionic soaps (Sulphonated phenyl, tolyl and xylyl stearic 
acids SPSA, STSA and SXSA) with Eosaniline hydrochloride 
and that of cationic soaps (Dodecyl pyridinium bromide - DPB 
and Isothiourea dodecyl e-ttier hydrobromide - IDEH) with 
congOTjred, methyl orange and alizarin sulphonic acid at 
different pH values were carried out (Chapter III).
Considering the absorption peak of resaniline 
hydrochloride in the acidic and neutral pjj-ranges, it was 
found that a considerable shift occurs in presence of 
sulphonated aryl stearic acids. Thus with SPSA the peak 
shifts from 560 mu to 530 mu. From this the possibility of 
compounds formation between two class of substances could be 
envisaged. The slight difference in the final absorption 
peak for STSA and SXSA (530 mu ) and SPSA (525 mu) could be 
attributed due to the presence of -CH^ group in STSA and SXSA* 
Another point worthmentioning was the effect of pg. It was 
found that at lower pg values larger amount of soap was needed 
to bring about the desired effect. The behaviour may be 
explained by assuming that with Increasing acidity the 
ionisation of the soap would relatively be suppressed resulting
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in lesser availability of the soap for reacting with the dye. 
Another striking feature of these studies is that idie amotint 
of various anionic soaps required for complete interaction 
with the dyes is in the order of c.m.c, values (determined 
polarographically viz., SPSA ^  STSA^ SXSA),
The reaction bet\*reen cationic soaps (DPB and ID!^) witti 
the dyes (congo-red, methyl orange and alizarin sulphonic acid', 
also present a behaviour similar to those between anionic soap 
and dyes. The results are summarized in the following tables.
Reactants pH Original peak Final peak
Congo-red - DPB 1.3 650 mu 460 mui 4.3 500 mu 11It 7.G 500 mu nI 10,3 490 mu I
Congo-red IDEH 1.50 580 mu 475 muIt 3.00 525 mu nn 7.00 500 mu nI 10.25 500 mu I
Methyl orange-DPB 1.3 525 mu 450 mu 1II 4.3 475 mu ItII 7.3 475 mu ItIt 10.3 475 mu I
Methyl orange-IDEH 1.6 520 mu 425 mu11 4.9 475 mu ItIt 7.3 475 mu It
Alizarin Sulphonic
acid - DPB 1.6 430 mu 450 muIt 4.9 475 mu 530 muti 7.0 520 mu IIII 10.3 550 mu It
Alizarin Sulphonicacid - IDEH 3.0 440 mu 550 muti 7.3 525 mu I
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The result described above again show the formation of 
a definite complex beti-zeen dye and cationic soap. Hydrogen 
ion concentration does not influence the position of the final 
peak, only larger amount of soap is needed to bring the 
requisit shift,by lowering the pH of liie medium (Table IV to 
IX, Chapter III), This may be explained by assuming that in 
lower pH - ranges protonation of the dye - molecule takes 
placesCpage l4l) with the result that some of tiie soap is used 
up in deprotonation of the dye molecule, and then it reacts 
furliier to form the complex. So overall mechanism may be 
said that the soap molecule first of all attacks on hydrogen 
of the protonated dye molecule and then it enters into complex 
formation with the dye. As to how much of the soap is used 
up in the deprotonation is rather difficult to say. So is 
equally difficult to knov; at what stage the chemical interacti< 
betv^een the dye and the soap take place. DPB - alizarin 
reaction does not follow the normal course, this may be due 
to colloid - chemical nature of the reaction.
Summarising up the studies on the interaction between 
dyes and soaps it may be said: (i) compound either in the 
form of double salts or complex (with definite emperical 
formula) are likely to be formed (ii) presence of soap check 
the tendency of molecular rearrangement with the result ttiat 
the specific nature of the dye to change the colour within 
a particular pH - range is not realised (iii) there isesrery 
likehood of some of the soap is used up in the deprotonation
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of the dyes and finally (iv) the colloid - chemical "behaviour 
of the interacting substance, especially, the c,in*c. value of 
the soaps may markedly influence liie factors(i) to (iii). The 
probability of the following reactions taking place can also 
not be completely raled out.
^ • Rosaniline hydrochloride ~ Sulphonated aryl stearic acids 
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In the concluding part of the thesis (Chapter IV) the 
behaviour of the heavy metal soaps at the dropping mercury 
electrode has been discussed-. The results obtained from liiese 
investigations were not merely of theoretical Importance but 
were able to provide an indirect method of estimating the metal 
ion content in metallic soaps. The reduction of pyridine 
complexes of myristates and palmitates of Cu^”^, Ni^^ and Co^^ 
at the dropping mercuty electrode in non-aqueous media using
(i) LiCl in 1:1 benzene-methanol mixture (ii) MeHSOji^  in 1:1 
benzene-methanol mixture and (iii) KCl in ethylene glycol 
as supporting electrolytes was discussed and from the 
experimental results it could be concluded that (i) soaps 
in the form of pyridine complexes are reducible at the dropping 
mercury electrode (ii) Ni”^  ^and soaps give only one wave
while Cu*^  ^soaps give two (ill) the effect of supporting electro 
lyte concentration on the ^alue is very small in the case
of Cu'^ '^  and Ni^^ soaps (at higher concentrations of supporting 
electrolyte the changes to a slightly more negative value,,
while in the case of Co^^ soaps the change is appreciable)
(iii) Cu'^ '^  and Nl^^ soaps are almost reversibily reduced at the 
dropping mercury electrode, although such a behaviour is not 
realised with cobalt soaps (Iv) in MeHSOjr^ , Co^- soaps are 
reducible, but the hydrogen wave Interfears with the result 
that well defined wave is not obtained the wave of Ni ■ and 
Cu^ "^  gives maximum, those in the case of Cu"^  ^only could be 
suppressed by methyl red (v) the reduction of nickel involves
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one electron transfer while in tiie case of the following
reactions at the electrode is expected to take place
Cu^ i 0 + Ilg ^  Cu (Hg)
(vi) on measuring the diffusion current at different concentra­
tion of soap it was observed that the values of id/^ remains 
constant (vide Table VII - XIII, Chapter IV) show thereby that 
the polarographic method can be employed for the determination 
of metal ion content of soaps and (vii) the value of diffusion 
current in ethyline glycol is smaller than those in methanol 
beneene mixture which may be due to the high viscosity in 
glycol medium.
Supplementary evidence on the analytical data given 
above were made available on carrying out spectrophotometric 
studies. The various pyridine complexes gave maximum at the 
following wave lengths.
Soap Wave length
Cu myri state 675 mu (well defined)
Cu““- palmitate 675 mu (well defined)
Ni”“- myristate 650 mu (well defined)
Ni - palmitate 650 mu (well defined)
Co"”- myristate 450 - 525 mu (ill defined)
Co"”*- palmitate 450 - 525 mu (ill defined)
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On carrying out absorption experiments at the above wave 
lengths where the respective maximum occur, it was found that 
the absorption values are proportional to the concentration 
of metal present in soap and a linear relationship between 
concentration of soap and optical density was realised 
(Fig. 126 - 128)*
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Sulfonated Phenylstearic Acid as a Polarographic 
Maxima Suppressor
S i r :  Attempts to determine the criti­
cal micelle concentration of sulfonated 
phenylstearic acid (SPSA) by polarog- 
raphy did not yield precise information; 
however, the effect of this compound on 
the polarographic maxima of several 
simple metal and complex ions was stud­
ied. The results of the influence of 
SPSA on the polarographic waves for 
the reduction of Ni+2, Co+^ iodide-cad- 
mium complex, Pb+ ,^ cystine, copper- 
glycine and copper-biuret complexes, 
and in the N i+^^o+“ mixture are de­
scribed.
EXPERIMENTAL
SPSA was prepared (4) by condensing 
pure oleic acid and benzene (dry and 
free from thiophene) in the presence of 
anhydrous aluminum chloride and sul- 
fonating the product. Its strength was 
determined by titration against caustic 
soda solution of known strength. Solu­
tions of the required strength were 
obtained by diluting with doubly dis­
tilled water.
The salt solutions were obtained by 
dissolving analytical reagent grade 
samples in doubly distilled water.
Solutions of cystine and glycine 
(British Drug Houses) were obtained by 
dissolving known amounts in 0.02N 
HCl and doubly distilled water, respec­
tively.
The biuret was prepared (1) in this 
laboratory.
A Langes Polarometer, Model III, 
No. 46 was used with a multiflex 
galvanometer Type MGF2 (at sensi­
tivity 1:10). The dropping mercury 
and saturated calomel electrodes were
immersed in a water thermostat main­
tained at 30° C. Purified nitrogen was 
passed through the cell to maintain an 
inert atmosphere. Conductivity meas­
urements were carried out at 30° C. 
using a conductivity bridge No. L 
350140 and a conductivity cell K =  
0.1; L. 355216 (Cambridge Instruments 
Co.).
RESULTS A N D  D ISC U SS IO N
A typical polarogram is shown in 
Figure 1. SPSA was nonreducible at
Table I. Data from Polarograms
Ion or Com­ Maximum Polarographic
plex Suppression Micelle
Studied Point, Concn., M'>
Pb+* 17.38 X 1 0 -‘ 9 .8  X 10-'
Ni+» 43.65 X 10-6 8 .2  X 10-'
Co+> 17.38 X 10-‘ 4 ,9  X 10-‘
Iodide-
cadmium 16.98 X 10 12.1 X 10-‘
Copper-
glycine 16.6 X 10-5 4 .9  X 10-‘
Copper-
biuret 83.3  X  10-5 13.2 X lO-o
Cystine 39,81 X 10-« 9.13 X 10-‘
C o+*-Ni+2
mixture 36.31 X 1 0 -‘ 12.1 X 10-*
“ Obtained by plotting im /id  vs. log c 
and extrapolating to im /id  = 1 .  * Value
taken from the point where the first 
sharp discontinuity appeared. These 
values are comparable to the critical 
micelle concentration value for SPSA  
as determined by conductivity measure­
ments. The value in water is 45.4 X 10-‘AT.
1 division =  0.2 volt. Each curve 
starts at 0.2 volt 
0.0025W  Cdla in 0.2M  K1 
Concentration of SP SA  in
1. None
2. 4.9 X  IO -*M
3. 7.39 X  10- ‘ M
4. 12.1 X  10-*M
5. 16.9 X  1 0 - ‘ M
6. 19.0 X  10-<M
7. 23.8 X  10- ‘At
the dropping electrode and its polaro­
gram gave only a hydrogen wave. 
Additional data are given in Table I.
In all cases the maximum suppression 
point values are almost of the same order 
except for Cdl,-^ and the Co+’*-Ni+2 
mixture. This is because maxima in 
these cases are pronounced and a large 
amount of the suppressor is needed. 
Lingane and Kerlinger (S) observed two 
maxima for the cobalt-nickel mixture 
using an automatic recording polaro- 
graph. They suppressed the first maxi­
mum (smaller one due to nickel) with 
0.01% gelatin but were unable to sup­
press the second one (due to cobalt) 
even with 0.05% gelatin. Using a 
manual polarograph, we could not 
realize the maximum due to nickel, but 
could suppress the second maximum 
with 55.5 X SPSA. A revers­
ible wave for cobalt in pyridine with 
El/, =  —1.08 volts was obtained after 
elimination of the maximum.
Kolthoff and Lingane (:?) found that 
the iodide-cadmium complex (probably 
Cdl4"^ ) gave a pronounced maximum 
which was difficult to suppress. By 
adding SPSA (19.2 X lO'-'M) this could 
be eliminated and a reversible wave for 
the complex with Et/, =  —0.7 volt was 
obtained.
The use of SPSA has a further ad­
vantage. Although cationic soaps help 
to suppress negative maxima, whereas 
anionic soaps are used to eliminate posi­
tive maxima, SPSA, although an an­
ionic soap, can suppress both the posi­
tive (Pb+ ,^ copper-biuret complex, 
copper-glycine complex, and cystine) 
and the negative (Cdl4~ ,^ Co+’,
Ni'*■^  Co ■'■®-Ni+* mixture) maxima.
A C K N O W LE D G M EN T
The authors are thankful to C.S.I.R. 
India for the award of a fellowship to 
one of us (R.H.) to carry out this work.
LITERATURE CITED
(1) Haworth, R. C., Mann, F. G., J. 
Chem. Soc. 1943, 603.
(2) Kolthoff, I. M., Lingane, J. J., 
“Polarography,” 2nd ad., p. 509, 
Interscience, New York, 1952.
(3) Lingane, J. J., Kerlinger, H., I n d .  
E ng . Chem ., Anal . E d . 13, 77 (1941).
(4) Stirton, A. J., Peterson, R. F., 
Groggins, P. H., Ind. Eng. Chem. 32, 
1136 (1940).
W a h id  U . M a l ik  
R w w a n u l  H a qtjb  
Department of Chemistiy 
Aligarh Muslim University 
A l ig a b h , I n d ia
R e c e i v e d  f o r  r e v ie w  May 6 , 1960. 
A c c e p te d  A u g u s t  1, 1960.
1 528 ANALYTICAL CHEMISTRY
P rinted in U. S. A.
Sonderdruck
am  der „Zeitschrijt jiir analytische Chemie'\ 180. Band, 6. Heft  (1961) 425 
Springer-Verlag, Berlin • Oottingen ■ Heidelberg j  J . F . Bergmann, Munchen
Department of Chemistry, Aligarh Muslim University, Aligarh, India
On the Use of Sulfonated Tolyl and Xylyl Stearic Acids 
as Polarographie Maxima Suppressors
By
W a h id  U. M a lik  and B iz w a n u l  H aq ue  
With 4 Figures in the Text 
( Beceived February 2,1961)
The presence of polarographie maxima, although undersirable from 
the view point of polarographie analysis, has found varigated uses in 
theoretical as well as applied fields. Of the various uses, worth mentioning 
are: determination of concentrations of suppressors (Heyeovsky ; 
investigation of the relationship between the wetting power of detergents 
and activation energy necessary for their adsorption on a mercury water 
interface (Thiesse and B blon ®^); determination of the concentration of 
detergents in commercial products ( von Stackelbeeg and ScHiixz®); 
study of the inversion of maxima (Kejtjkowa®). This phenomenon has 
also been applied to determine the critical micelle concentration of a 
number of surface active agents, e.g., ColichmanI determined the polaro- 
graphic micelle concentration of gelatine, Triton X 100, cetyl trimethyl 
ammonium bromide and lauryl trimethyl ammonium bromide.
A review o f the literature would show that amongst the various 
surface active agents used as maxima suppressors, the class of compounds 
known as Twichell’s reagents, have attracted little attention. During 
the course of our preliminary studies’ we observed that sulfonated 
phenylstearic acid serves as a good maxima suppressor of the polaro- 
graphic waves of simple and complex metal ions. In fact it processes
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extra advantage over other suppressors in as far as it is able to suppress 
the maxima in case, where difficulties still exist'*-®. Besides, the polaro- 
graphic micelle concentration and maximum suppression point could 
be determined in presence of these ions by employing the coumpound as 
the maxima suppressor.
The present communication deals with our studies on the effect of 
suLfonated tolyl and xylyl stearic acids (STSA and SXSA respectively) 
on the polarographic waves of Pb^+, Ni^ +^ , Co^+, Cu-biuret complex, Cu- 
glycine complex, iodide-cadmium complex and Ni^+—Co^+ mixture.
Experimental
A.R. and ‘chemically pure’ reagents were used in all the experiments. STSA 
and SXSA were prepared® by condensing pure oleic acid and toluene or m-xylene 
(free from thiophene) in presence of anhydrous aluminium chloride and sulfonating 
the product subsequently. Its strength was determined by titrating against standard 
caustic soda. Double distilled water was employed in making the solutions. Triple 
distilled pure mercury was used for the dropping mercury electrode. For the study 
of copper biuret complex biuret was prepared^ in the laboratory.
Polarographic measurements were carried out by Lange’s Polarometer (Model III 
No. 46) in conjunction with a Multiflex galvanometer Type MGFg (at sensitivity 
1:10). The dropping mercury electrode and saturated calomel electrode were kept 
immersed in a water thermostat (Townsen Mercer Co., Croydon) maintained at 
2 5 ± 0 .1 °C . Pure nitrogen (by passing through a solution of chromous chloride 
and alkaline pyrogallol) was used for keeping an inert atmosphere. Conductivity 
measurements were carried out at 25° C by conductivity bridge No. L 350140 
and conductivity cell K  =  0.1; L 355216 (Cambridge Instrument Co.).
Results and Discussion
Typical polarograms (for difficultly suppressible ions and the copper 
biuret complex) are shown in Figs. 1, 2 and 3. STSA and SXSA were 
found to be non reducible at the dropping mercury electrode.
Fig. 1. 2.5 • 1 0 '“ M C dlj in IM K I Concentration of SXSA in : J. N one; 2. 2.43 ■ 10"‘ M ; 3. 4.95 • 1 0 M ; 
i. 7.87 • 10-‘ M; 5. 9.8 • 1 0 - ' M; 6. 1.21 • lQ -‘ M
The P.M.P. (polarographic micelle concentration obtained by plotting 
i, maximum/i, diffusion vs. log concentration of suppressor and taking
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the point where first sharp discontinuity appears, F ig .4) and M.S.P. 
(maximum suppression point obtained by plotting i, maximum/i, difFu-
Kg.2. 0, 
2. 2.43
L acn curvei'laris ai-u.dmw
.002 M Co*■^  +  0.002 M in  IM KCl +  0.6 M Pyridine. Concentration of SXSA in ; J. None; 
10-‘ M; 3. 4.95 • 10-‘ M; i. 9.8 • 1Q-* M; S. 14.5 • 10"‘ M; 6. 19.2 • lQ-» J I ; 7. 23.8 • 10-‘ M
Fig. 3. 2.5 • 10 ■ 1 0 '“ M  CuSO, in  2.5 • 10‘ * M B iuret a t  Ph 12.04 (Ringer Buffer). Concentration of 
STSA in ; 7. None; 2.1.215 • 10-‘ M ;5 . 2.475 ■ 1 0 - 'M ;< . 3.935 ■ 1 0 - 'M ;5 .  4.9 • 1Q-‘ M ;6 . 6 .05-10-‘M
sion vs. log concentration of suppressor and extrapolating to unity, 
F ig .4) are given in the Table.
The C.M.C. values of the two compounds were also determined by con­
ductivity measurements. The values were 49.7 • 10~® M and 63.5 • 10“ *^ M 
for STSA and SXSA respectively. The discripancy in the C.M.C. 
values found by the two methods may be due to the fact that in polaro- 
graphic measurements the values were measured in presence of different 
ions while in the conductometric method the value was determined in the 
absence of these ions.
Although the maxima of different ions could be suppressed in the 
presence of STSA and SXSA, a few salient features of these investi­
gations are worth mentioning. For example a comparitively larger







amount of suppressor is needed for Ni^+ and Co^+ than for other ions. 
This may be due to the fact that anionic suppressors are less effective
towards the negative side of the maxima. 
The suppression of maxima for the iodide 
cadmium complex and cobalt nickel mixture 
is also interesting. K o l t h o i 'f  and L i n g a n e ^ 
found that the iodide cadmium complex 
gives a pronounced maximum which is 
difficult to suppress while L i n g a n e  and 
K e b l i n g e e ® observed a pronounced m axi­
mum for the nickelcobalt mixture in pyri­
dine and potassium chloride. It is interest­
ing to find that the maxima can be sup­
pressed by smaller concentrations of these 
compounds without influencing the wave. 
These studies confirm our earlier work with 
sulfonated phenyl stearic acid’'.
On comparing the results of P.M.P. 
values for the two compounds (Table) it  
will be seen that the values for SXSA are 
lower than for STS A. The difference may be attributed to the greater 
+  I effect of xylyl to tolyl group. Such a difference is, however,
Table
a s  0.5 /./ u  i.s0.7 0.9 
lo g  C
Fig. 4. Curve between log. con­
centration  of SXSA and for hliff
0.002 M Co2+ +  0.002 M in 
M KCl +  0.5 M pyridine for eva­
luating M .S.P. and P.M .P. values
Ion  or Complex studied
M.S.P. • 10-5 M P.M.P. ■ 10-'M
STS A SXSA STS A SXSA
Pb2+ in KNO3 5.623 3.802 2.188 1.288
in KCl 50.12 50.12 48.98 36.31
Cq2+ in KCl 120.200 83.180 34.67 10.47
Iodide cadmium
complex in KI 15.85 15.85 7.943 5.37
Copper glycine
complex in KNO3 5.117 5.117 4.266 3.981
Copper biuret complex
at pH 12.04 12.02 2.818 2.399 1.95
Cobalt-nickel mixture
in pyridine and KCl 20.89 20.89 4.898 4.786
not observed for the M.S.P. values which are almost the same for 
most of the ions.
Summary
Sulfonated tolyl and xylyl stearic acids were used as maxima suppres­
sors in the reduction of simple and complex metal ions. It was found 
that these compounds can be employed as maxima suppressors for the
cathodic waves of Pb^+, Co^+, copper glycine complex and copper
biuret complex. In the case of difficulty suppressible maxima like those 
of iodide-cadmium complex and Ni^ "*"—Co^+ mixture these were found 
to be more effective than other maxima suppressors. The P. M. P. and 
M. S. P. values were calculated in presence of these ions. The P.M.P. 
values of STSA were found to be greater than those for SXSA. This 
behaviour may be attributed to greater + I  effect of xylyl group.
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Polarographlc Study on the Biuret Reaction of Cyanuric Acid
The Biuret reaction is exhibited by a number of sub- 
stances* )^ related to three fundamental structures, viz. biuret, 
malonamide and oxamide. Polarography at the dropping
Fig, 1. A pplied po ten tia l (volt) vs. S.C.E. 1 un it =  0,i volt. E ach 
curve s ta r ts  a t  0-2 V. 0-002 M CuSO< in 1 0-16 M, 2 0-12 M, 3 0-08 M, 
4 0\Q6 M an d  S 0-04 M. cyaUuric acid a t  p a  11-0 an d  0-001 % sod. 
m ethy l red  as m axim um  suppressor.
m e rc u ry  e le c tro d e  c a n  b e  su c cess fu lly  e m p lo y e d  in  e lu c id a tin g  
th e  s t ru c tu r e  a n d  s ta b il i ty  o f su c h  com plexes® ). T h is  n o te  
dea ls  w ith  o u r  in v e s tig a tio n s  o n  th e  b iu r e t  r e a c tio n  o f c y a n u ric  
ac id  em p lo y in g  th e  p o la ro g ra p h ic  m e th o d .
C y a n u ric  a c id  (E . M erck) a n d  c o p p e r  s u lp h a te  (A .R ., B . 
D .H ) w ere  u se d  fo r  p re p a r in g  th e  so lu tio n s  (0-4 M a n d  0-1 M 
re sp e c tiv e ly ) . T h e  a c id  so lu tio n  w a s  o b ta in e d  b y  d isso lv in g  
in  c a lc u la te d  a m o u n ts  o f  K O H  so lu tio n , a n d  so lu tio n s  of 
d e s ire d  c o n c e n tra t io n s  (0-16 M , 0-12 M , O-OS M , 0-06 M a n d  
0-04 M) w ere  o b ta in e d  b y  d ilu tin g  th e  s to c k  so lu tio n . P h o s ­
p h a te  bu ffers^ ) (m ix tu re s  o f d iso d iu m  h y d ro g e n  p h o sp h a te  a n d  
c a u s tic  so d a  in  v a ry in g  p ro p o rtio n s )  o f  pH  11-0 t o  12-04 w ere  
used  a s  s u p p o r t in g  e le c tr o ly te s . M e th y l  re d  (E . M erck) 
0-001 % w as u sed  a s  m a x im u m  su p p re sso r . F is h e r  E le cd ro -
Table
Concentrations 0-16 M 0-12 M 0-08 M 0-06 M 0-04 M
pK  (p s  12-04) 
P K (P h H -6 7 )  

























p o d e  w ith  th e  m u ltif le x  g a lv a n o m e te r  (T y p e  M G F -2), in  th e  
e x te rn a l  c ir c u it  w as u se d . A  c u r r e n t  o f p u r if ie d  n itro g e n  w as 
p a s se d  in  th e  cell. A ll m e a s u re m e n ts  w ere  d o n e  a t  3 0 ± 0 -1 ° .  
T h e  d ro p tim e  in  th e  o p en  c irc u it  w as  m a in ta in e d  ai; 3-3 se - . 
co n d s . T h e  p n  v a lu e s  o f th e  so lu tio n s  w ere  c h eck e d  b y  C a m ­
b rid g e  p H J n e te r  (L  269 510) b e fo re  
in tro d u c in g  th e m  in  th e  p o la ro -  
g ra p h ic  cell. A few  re su lts  a re  d e ­
p ic te d  in  F ig , 1.
T h e  c u rv e s  show  t h a t  th e  r e ­
d u c tio n  o f th e  b iu r e t  co m p le x  of 
c y a n u r ic  a c id  ta k e s  p la c e  rev e rs i-  
b ly  a t  th e  d ro p p ih g  m e rc u ry  elec­
t ro d e  a n d  o n e  e le c tro n  t r a n s fe r  
-is in v o lv e d  in  th e  e le c tro d e  re a c ­
t io n  ( £ 3,1 - £ 1,4 =  0-06 V ) ‘ ). T h e  
iii.ij  v a lu e s  w ere  fo u n d  to  d e p e n d  
u p o n  b o th  th e  c o n c e n tra t io n  of 
th e  c y a n u r ic  a c id  a n d  th e  p n  of 
th e  m e d iu m . v a lu e s  w ere
p lo t te d  a g a in s t  —lo g  c q h c . fp r 
o n e  p a r t ic u la r  p n  aS wWi' a s .  
a g a in s t  p s  fo r  one p a r t ic u la r  c o n ­
c e n tra t io n  o f th e  ac id  ( ty p ic a l cu rv e s  g iv e n  in  F ig . 2 ), to  d e ­
te rm in e  th e  n u m b e r  o f c y a n u r ic  a c id  m olecules^) a n d  th o se  o f  
h y d ro x y l ions®) a s so c ia te d  w ith  o n e  a to m  of co p p e r. F ro m
th e  slo p e  of th e  s t r a ig h t  lin es  i t  w as  fo u n d  t h a t  c p rn b in a tio a
ta k e s  p la c e  w ith  o n e  m olecu le  o f c y a n u r ic  a c id  a n d  th re e  
h y d ro x y l g ro u p s . T h e  s t r u c tu r e  o f  th e  co m p le x  in a y  b e  r e ­





Fig. 2. O 
(volt).
v s . E xh
HN)
0 - C C = 0
The stability constants, of the 
com plex were calculated from the 
equation (5,6) (^ 1/2) ^ - =  0-659 
log K  — j> 0-059^ log conc. of acid.
X  0 -0 5 9  lo g  CoH-
From the values it is evident that 
the p  K  values are independent of the  
concentration of cyanuric. acid but 
are dependent on p n . These results 
support our earlier view®) (that the stability of the biuret 
com plex decreases w ith increasing p n ).
OH—Cu—OH 
OH
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Estimation of Metal Content in Nickel Soaps by Polarography
Heavy metal soaps with ttieir many sided technical and 
industrial applications -Mil present some unsolved problems 
to'the chemists. One of these is the estimation of the amount 
of metal present in a particular soap# Until now the chemical 
analysis is generally used for this purpose. This method, 
besides being tedious, is apt to give less-accurate results, 
especially when the metal content is low* In the present 
communication some of the results of the polarography of 
nickel palmitate and myristate which have found a direct 
application in ©atimating the metal concoatration, are briefly 
described,
Boner^ in 1937 showed the existence of complex ion 
formation between pyridine and metal soaps of Ni’•, Co and 
Cu ' • Polarography of tjie metal complexes of pyridine in 
the aqueous medium using potassium chloride as the supporting 
electrolyte was undertaken by Lingane and Kerlinger in 1941, 
Since the soaps under investigation became hydrolysed with ev 
traces of water, their polarography in non-aqtieous media, 
using (1) lithium chloride in 1 : 1 benzene/me thanol mixture'
(2) methyl hydrogen sulphate also in 1 : 1 benzene/me thanol 
mixture^; (3) potassium chloride in glycol as supporting 
electrolyte was Investigated. Measurements were carried
( i i )
out with a dropping mercury electrode with Langes polarometer
(model III, Ho. 46) in conjunction with the Multiflex
galvanometer type MGF2 were carried -out at 25 t 0,1°C, Inert
“ 4atmosphere was maintained in the polarographic cell (H-type ) 
by passing purified nitrogen through it* The capillary 
constant t^^^ in the different supporting electrplytes
were LiCl •. 1.618; MeHSO^ s, 1 .532, KGl s 1,610 mgm. sec."'*/^
All the reagents used were either A.H. samples or product 
purified by standard methods in the laboratory. Nickel 
palmitate and myristates were prepared by precipitation method^ 
they were analysed for nickel content.
The polarograms in three different supporting electroIjrtes 
showed that the pyridine complex of both the soaps are reducible 
at the dropping mercury electrode and reversible waves 
(determined by the normal slope) with the values shown
in Table 1 were obtained.
Table 1,
Supporting E w  (for Hi myristate) . (for Ni palmitate)electrolyte ^  7s. saturated /2 Vs. saturated
calomel electrode calomel electrode
0.166 M LiCl - e,74 Volt - 0,785 volt0,166 M MeHSO/, - 0,?4 volt - 0,700 volt0,166 M KCl - 0.802 volt - 0.800 volt
Polarograms obtained wilii varying amounts of soap in 
pyridine, gave waves having increasing diffusion current 
values with increasing concentration of the soap. Moreover,
(iii)
the value of diffusion current/conc^tration of soap was 
found to be constant for the different mixtures as can be seen 
from Table 2, From these results it was concluded that the 
polarographic method can be usefully employed for the estimation 
of nickel in its metallic soaps.
Table 2,
Effect of soap concentration on the polarografihic waves.
Cone, of 
Ni ions in nickel
myristate in 
m. moles/1•
Diffusion current id in 20 X 10“2 
uamp,
0.33M LiCl
Diffusion current Diffusion id in 20 X 10- current^|,d in
uamp. 
0.333M MeHS04
4 X 10 *■ uamp, 
0.166m KCl
C id id/C isi id/C id" id/C
u 0,636 8,0 13,83 10,0 15.73 19.0 20,612. 1,009 14,0 13,87 15.5 15.35 30,0 29.833. 1,261 17*0 13.48 20,0 15.86 36,5 28.944. 1,513 20,5 13.54 24,0 15,86 44,0 29.08
5. 1,765 24,5 13.88 26,5 15.14 51.0 28.896. 1,892 25,0 13,74 28,5 15.12 56,0 29.06
Cone, of 















id in 4 X 10"‘ 
uamp.
0.166M KCl
C id id/C id id/C id* id/C
1. 0.517 8.5 16.44 9.5 18.39 21.5 41.582. 0.828 13.5 16.30 15.0 18.11 34.5 41.61
3. 1.035 16.5 15.54 19.0 18.35 43.0 41.544. 1.242 20.0 16.10 23.0 18.92 52.0 41.86
5. 1.449 24.0 16.56 27.5 18.97 59.0 41.066* 1.552 26.0 16.75 29.0 18.68 63.5 40.91
=^ The value of id (diffusion current) in glycol medium is 
smaller , than tiiose of id in benzene-methanol mixture. This is 
due to high viscosity of glycol mediu. C concentration of soaj
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Isothiourea dodecyl ether hydrobromide and Dodecyl pyridlnium 
Tjromide as maxima suppressors in polarographic analysis,
A variety of compounds had been cited in the literature
as maxima suppressor in polarographic analysis. However only
fevr of them viz. gelatine, methyl red and Triton X-100 liave
found universal use. Gelatine \irith its manifold advantages ha
got one great drav/back, viz., its limited applicability in
non-aqueous media. On the other hand methyl red, inspite of
inherent advantage of remaining fairly stable in solution, is
unsuitable in many cases due to the appearance of its own .
waves and its limited applicability towards the negative side
of the electro capillary zero. Otiier maximum suppressors
mentioned from time to time are Triton X-1 , polyacrylamidt
3thiobarbiturates etc. Recently systematic investigations oj
some new surface-active agents as a maximum suppressor were
carried out in these laboratories. These include anionic so;
of the type sulfonated aryl stearic acids^*^ and cationic so
belonging to the dodecyl derivatives of pyridine and thioure
The present communication deals with the effect of dodecyl
pyridinima bromide and Isothiourea dodecyl ether hydrobromic
on the reduction waves of simple ar^ i complex metal ions. Ii
6this connection it may be mentioned that Tamamushi and 
Yamanaka^ had also carried out some preliminary work on the
(11)
suppressive action of dodecyl pyridinium bromide in a few 
isolated cases of metal ions,
nDodecyl pyridinium bromide (DPB) and Isothiourea
8dodecyl etiier hydrobromide in the pure form were prepared
in the laboratory. All the reagents and metal salts used
were either A*R* or purified samples* Polarographic
4 5measurements were carried as described earlier. *
A known volume of the metal salt solution was taken 
in the cell, the supporting dectrolyte was added and the 
polarogram was taken. The procedure was repeated in the 
presence of varying amount of soap unless liie maximum was 
completely eliminated. Typical curve is given in Fig. 1.
QThe values of Maximum suppression Point^ (MSP), Polarographic 
Micelle Concentration^ (P.M.P) and Specific Suppression 
Coeffecient^(S.S.C.) wae given in the Table 1,




DPB X 10~^M 
M.S.P. P.M.P. S .S .0 • M.S.P.





KNO3 5.75 3.16 3.71 4.89 2.45 1.49
Ni*^  ^in
KCl 6.16 3.80 - 5.75 2.51 -
in KCl 23.77 1.04 1.90 6.16 3.46
Co^ '^ ' - Ni’'‘^- 
mixture in 4.^^ 
KCl - pyridine 1.95 1.25
- -
Cd-iodide 
complex in K I. 14.45 4.7s 1.54 8.31 3.46 0.11
Cu-biuret 
complex pH 12. 4.89 3.02 2.51 34.67 1.99
Cu-glycine 
complex in 
KNO3. 6.16 4.67 3.02 6.91 5.01 3.16
The results indicate that these soaps can be employed as
maximum suppressors and have got the special advantage of 
suppressing maximum appearing on both the sides of electro capillary 
zero.
The details will be published elsewhere.
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Colorimetric Determination of Copper, Nickel and 
Cobalt in tiieir respective soaps,
Wahid U .M a lik  a id  R l 23»faiiul Haque 
The chemistry of metal soaps is a bit difficult
inspite of the fact that they find great use in industry as
3well as in different branches of chemistry* This is equally 
true as their physico-chemical properties and estimations
are concerned. Recently ttie dielectric properties^ and
4electrical conductance of heavy metal soaps have been 
studied by some workers. Until now the method of chemical 
analysis is generally employed for the amount of metal 
present in a particular soap. This methid, besides being 
tiresome, is apt to give results of less accuracy, especially 
when the metal content is sufficiently low. It was, therefore 
thought worth while to search for a quicker and precise 
method especially suited for low concaitration of the metal 
ions. Experimental results of BOHIIER^  on the formation of 
a complex between metal soaps of Cu^^- Ni^^- and Co^ '"- with 
pyridine formed the basis of the studies described in 
this communication.
E X P E R I M E N T A L
Palmitates and myristates of copper, nickel and cobalt
(li)
were prepared by precipitation method , The samples were 
crystallized several times, dried and analysed for metal ion 
content,
A.R. samples of metal ion ani pyridine were used. 
Palmitic and myristic acid were reagent grade products of 
They were purified by repeated crystallisation and 
finally fractionated under reduced pressure, A Bausch and 
Lomb Spectronic 20 vas employed for absorption measurements. 
Red filter was used for carrying out measurements in the 
region 650 to 1,000 nm.
Solutions of copper myristate (0,1^), copper palmitate 
(0,2^), nickel myristate (0,2^), nickel palmitate (0,3$^ ), 
oobalt myristate (0,5^), and cobalt palmitate (0,4%) were 
prepared by dissolving respective soaps in pyridine. Care 
was taken to avoid small traces of water which were found to
hydrolyse the soap solution.
In order to carry out the estimations first of all 
the absorption spectrum of all the metal soaps in pyridine 
were taken in order to choose the wave length to perform 
the experiments,
After determining the maxima for the soap under study, 
solutions of different concentrations were prepared by dilutin
the original solution with pyridine, the absorption values





The aTDSorptlon maxima of the different metal soaps 
in pyridine are given in Table 1 and typical curves in Pigs, 1 
2 and 3.
Table U
Absorption Maxima of Metal Soaps in Pyridine














450 - 525 
450 - 525
well defined maximui 
well defined maximm 
well defined maximui well defined maximui 
ill defined maximum 
ill defined maximum
With a view to ensure that the absorption values are
due to soap complex and not because of the formation of metal
pyridine complex, absorption experiments were carried out
with mixtures of metal salt solutions and pyridine. It was
found that in the case of nickel no colour developes on 
2-adding Ni equivalent to the concentration present in
corresponding soap* Only when the concentration of metal 
-2salt was 10 M a colour develops, giving a maximum at 625 nm* 
Like nickel the colour in the cobalt complex could only be 
observed when the concentration of cobalt salt was 10 ^ M^*
Here the maximum absorption was found to exist at 525 nm. 
Addition of small amounts of copper salt to pyridine resulted 
in the formation of a precipitate while wilii quite concentrate!
(iv)
solutions a blue colour was developed shovrlng an ill defined 
maximum (500 - 700 nm.)
On plotting a graph between the O.D* (where the 
maximum occurs) and the concentration of metal soap a linear 
relation was found (Fig, 4)* Further more, ttie measurements 
were limited to a narrow range of concentration due to small 
solubility of the soap in pyridine. The concentration ranges 
which were studied are given in Table 2,
Table 2,
Metal Soap Concentration range of metalion studied
mg
Copper - myristate 1.889 - 18.89Copper - palmitate 1.249 - 12.49Nickel - myristate 2.218 - 22,18Nickel ~ palmitate 2,380 - 23.80
Cobalt - myristate 2.296 ^ 40.180
Cobalt - palmitate 1.656 - 41 .400
From the result it was concluded'that the determination 
of metal content of soaps can be carried out at the wave 
lengths mentioned above.
S U M M A R Y  
The metal ion content of heavy metal soaps can be
(v)
successfully determined colorimetrically using their dilute 
solutions in pyridine. Measurements with copper and nickel 
soaps (myristates and palmitates) could tie carried out at 
675 and 650 nm. respectively, those for the corresponding 
cobalt soaps (myristate and palmitate) at 550 nm.
Z U S A M M E N F A S S U N G
Der Metallgehalt von Schwermetallseifen kann mit gutem 
Erfolg colorimetrisch bestimmt werden, wenn man die verdunnte 
Losung der Substanz in Pyridin verwendet* Messungen an 
Kupfer - und Nickelseifen (Myristate und Palmitate) warden 
bei 675 bzw. 650 nm, an Kobaltseifen (ebenfalls Myristat und 
Palmitat) bei 550 nm durchgefuhrt.
Thanks are due to Prof, A*H. Kidwai for providing 
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»*Studies on some less familiar ferrocyanogen completes 
part IX. Electrometric studies on the interaction of Mo(iil) 
with Potassium ferricyanide.'*
Rizwanul Haque and Wahid U. Malik.
Investigations on the ferrocyanogen complexes of 
molybdenum present a number of difficulties. These are (1) 
the non-availability of the salts of the metal in the pure form 
(and if so in a few isolated cases, there is lack of anthenticity 
regarding the chemical representation), (ii) the existence of 
aggregated ions in the solution of their salts, (ill) the 
colloidal nature of the reaction products thereby making their 
isolation and subsequent analysis difficult, (iv) the existence
--- -----of the redox potential in the system Mo t FeCy^^ +
Mo • decomposition of the acidified solutions of potassium 
ferro- and ferricyanides by molybdenum salts. It appears that 
the factors enumerated above had been mainly responsible in 
not providing a clear picture of the real nature and compositior 
of these complexes. Very few references, worth mentioning, are 
available in the existing literature. These are of Barbieri 
(Ber. 1927, 6OB, 2415) who analysed the precipitate obtained by 
the interaction of ammonium molybdate and potassium ferrocyanlde 
(NH/j,.FeCy^ .2Mo03) and of Pan! and Rao (Curr. Sci. 1953, 22, 237) 
on the conductometrie titrations of molybdic acid and potassium 
ferrocyanlde.
(il)
The product obtained by the electrolytic reduction of 
molybdic acid is said to constitute mainly of molybdenum ions 
in their trivalent state. A study of the interaction of this 
compound with potassiun. ferro- and ferricyanides was thought 
wortti undertaking due to tiie following reasons. Firstly, the 
reduction product is probably the only compound where Mo(iii)
onic fo?m and is fairly stable in 
solution, secondly, th4 ferrocyanogen complexes of Mo(iii) have 
not yet been reported in the existing literature and hence an 
elucidation of their ccmposition would b6 quite interesting,
on deals with investigations on Mo(iii) 
ctrometic methods. Attempts to study 
metal ion with potassium ferrocyanide 
since of the three methods employed only 
ppear to be of some use. However, the 
inflexim points were n6t sharp enough to give any valuable 
information regarding either the composition of the complex 
formed or the factors j.nfluencing the reaction itself.
The present communicati 
ferricyanides using ele 
the interaction of this 
met with little success 
conductometrie method a
B X P E R I M E H T A L
Solutions: Solutions c»f potassium ferricyanide was prepared
and standardised as desicribed earlier (This Journal Part VII). 
Mo(iii) solution was p]*epared by the method recommended by A. 
Chilesotti (Z. Slektro Ghera. I906, 12, 1946, 173). 4.3^ molybdl
(ill)
acid solution in (4n Hcl) was taken in a porous pot and 
electrolysed between a platinum plate (4 Sq. Cm* area) anode 
and bright platinum gauze (12*4 Sq* Cm* area) cathode at a 
current density of 0*5 amp* Cm"^, using a Fischer Electro 
analyser. The reduction of Mo(vi) get completed in about 2,5 b: 
the green solution first obtained changes finally to reddish 
brown. The strength of the solution was determined potentiomet 
cally by titrating against Kl«InO/j^ of known strengtii.
Apparatus and Tedhnique;
Potentiometrie titrations were carried out witti the help 
of Tinsley Potentiometer (Type 3387B) with lamp and scale 
arrangement. A brisht platinum electrode was used as the 
indicator while a saturated calomel electrode as the reference. 
In some cases PeCyg " t e FeCy^ couple (obtained by
dipping bright platinum electrode in a solution of potassium 
ferrocyanide containing minute quantity of potassium ferricyani 
and vice versa) was employed during these titrations,
Amperometric studies were carried out in a manner 
described earlier (this Journal Part VI), Titrations between 
No(iii) and K^FeCy^ were carried out at 0,0 volt since a limit! 
current is realised at this voltage in the case of K^FeCy^,
0.1K KCl as supporting electrolyte and 0,01^ gelatin was used 
as maximum suppressor.
Conductometrie titrations were carried out by
(iv)
conductivity bridge (No, L-350140) using conductivity cell 
of K • 0.1, No. L-^56698 (Cambridge Instrument Co*) Fairly 
concentrated solutions of the titrant were used to avoid 
volume correction.
The results are summarised in the following tables,
Mo(iii) Potassium ferricyanide reactiom 
Table 1,
Direct Potentiometric titrations between Mo(iii) aiKi K3PeCy^
at FeCy^ ~'' + ® ^  FeCy^ ~ couple
Vol, and conc, of Vol. of 0.1 M Mo(iii) Combining ratio
K3FeCy^ in the cell from the curve Mo(iii) t K^FeCy
fTOm the inflexi 
point,
20 cc 4.0 X 10j?M 8.00 cc 1 * 1
20 cc 2.0 X 10:5m 3.6 cc 0.9* 1
20 cc 1.0 X 10 ni 1.85 cc 0.92 * I
Typical curve sho-vm in Fig, 1,
Table 2.
Reverse Potentiometric Titrations between Mo(iii) and K^FeCy^
at FeCyg"““ -t, e FeCyg”"'*--' couple.
Vol, and conc, of Vol. of 0.1M Mo(iii) Combining ratio
Mo(iii) in the cell from the curve. Mo(iii) * K3FeCy^ 
from the inflexic point.
20 cc 4 x 1 0“fM 8*4 cc 1 * 1.05
20 cc 2 X 10"^M 
20 cc 1 X 10 3.8 cc 1 * 0.952.2 cc 1 * 1.00
Typical curve shown in Fig, 2
(v)
Table 3.
Direct Potentlometrlc Titrations between Mo(iii) ani K^FeCy^
without eaploying PeCy^ PeCy^ " t e couple.
Vol. and conc. of 
K^PeCy^ in the cell Vol. of O.IM Mo(lii) from the curve
Combining ratio 
Mo(iii) : K3PeCy
from the inflexi* 
point.
20 cc 2 X 10“^M 
20 cc 1 X 10“^ M 3.8 cc 2.2 cc 0.95 : 1 1.10 1 1
Typical curve shown in Pig. 3*
Table 4#
Reverse Potentiometric titrations between Mo(iii) and K^PeCy^
without employing PeCy^ “ t e^FeCy^ ' ■ couple.
7ol, and conc. of 
Mo(iii) in the cell
20 cc 2 X lOjfli 
20 cc 1 X lO ' M





Mo(iii) : K3PeCy^ 
from the inflexio 
point.
1 : 0.88 
1 : 0.9
Typical curve shovm in Pig, 5
(Vi)
Table 5*
Direct Amperometric titrations between Mo(iii) and K3PeCy^
Vol.’ and cone, of Vol, of 0.1M Mo(iii) 








X 1 0_51  ^
X lO^M
2.0 cc 
1.5 cc 1 .0 cc
Combining ratio 
Mo(iii) : K3FeCyg
from tiie inflexion 
point.
1 : 1 
1 8 1 
1 : 1
Typical curve shown in Fig. 5.
Table 6.
Severse Amperometric titrations between Mo(iii) and K^PeCy^
Vol. and conc. of Vol. of 0.1M KoFeCy. 
MoCiii) in the cell from the curve. ®
20 cc 1.00 X 10.5m 2.0 cc
20 cc 0.75 X lO^M 1.5 cc20 cc 0.50 X lO^M 1.0 cc
Combining ratio 
MoCiii) ; K3PeCy5




Typical curve shown in Fig. 6,
(vii)
Direct Conductometrie titrations between MoCiii) and K^PeCy^
• Table 7.
Vol. and conc. of Vol. of 0*1M Mo(iii) Combining ratio
K^FeCy^ in the cell from the curve Mo(iii) : K3FeCy^
from the inflexioi 
point*
40 cc 5.1 X 103^4 2,0 cc 1 t 1
40 cc 2,5 X 1,0 cc 1 : 1
40.cc 1.25 X 10“*^ M 0,5 cc 1 : 1
Reverse titrations (MoCiii) in the c^l) could not be
carried out due to high conductance of MoCl^ solution.
D i s c u s s i o i r
The conduc tome trie titrations between MoCiii) and K^PeC 
could not be carried out very satisfactorily since sharp 
breaks in the titration curves could not be realised. It may 
be partly due to the high conductance of MoCl^ solution and 
partly due to the formation of colloidal aggregate© during 
the course of the reaction. Such factors do not interfere 
in the potentiometrie and amperometric titrations and sharp 
breaks CFigs, 1 to 6) are realised both for the direct 
CK^FeCy^ in the cell) and reverse titrations CM0CI3 in the ce 
Another interesting aspect of these titrations is that the 
potentiometrie titrations could be carried out without, 
employing a FeCy^““ ~ PeCy^ ' *t e indicator electrodc
(which is usually employed in studying metal ferrocyanide
complexes). It has been found that typical potentiometrie 
curves are obtained with (Pig. 1 & 2) and without (Fig. 3 & 4) 
using the electrodes.
From the inflexion point an approximate combinii^ ratio 
of 1 : Ifor the reactants is obtained.
The reaction can be written in the following ways.
2. Mo-—  ^ t FeCyg"'- i 1 FeCyg*''^ t 2E*
MoO"^ "^ ' 1 FeCyg"“““ ^  MoOFeCy^"''
Or
Mo ' t FeCy^ ' - ^  Mo... ir FeCy^ ‘ •
+ V — ^mmrnr IW ,■Mo t FeCy^ - ^^ Mo Fe Cy^
in view of the fact that in the reaction mixture both
and FeCy^.. are present, which in turn are endowad with
reducing and oxidising properties respectively, it is quite 
likely ttiat the redox potential of tiie system would influence 
the whole course of 14ie reaction, resulting in the formation 
of the complexes Mo"^ Fe*'cyg or MoOPeCy^' instead of Mo***Fe**' C 
The view finds support in the fact that pot«itiometric 
titrations between Mo(iii) and FeCy^ ~ could be performed 
without employing the indicator electrode FeCy^ '^ ' ,t © ^  
(usually employed in studying metal ferrocyanogen complexes)
(viii)
(ix)
AS to -wheather tiie oomplex Mo'^Fe"cy^ or Mo*^  OPe*^  Cy^ is 
formed, the possibility of the latter appears to be less in 
view of tSie high acidic content of solution.
Thanks are due to Prof# M«0« Parooq, lately Head of 
the Chemistry Department, for his keen interest in the work.
Chemical Laboratories, Aligarh Muslim University, 
Aligarh (India)#
(1)
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A I M  APPROACH TO SMOLUCHOWSKE * S EQUATION
By
WAHID 17. HALIK, HOHAMHAD ALI and BIZIsTAHUL HA(pS 
Department of Chemistry, Aligarh Muslim University, Aligarh,
Zsigmondy^ for the first time studied quantitatively
the kinetics of coagulation. His experiments were theoreticall
2developed by Smolucho^fski in the form of a well known equatior
Smeluchowski* s theory of coagulation was criticized maxiy.
3 kauthors, viz., Kuryt, and Van Arkel, Westgren and Reitstotter
5 6and Ghosh, Puch suggested an equation where the diffusion of
particles was considered in a fleldlof fore^ instead of
Smoluchowski* s treatment by ordinary diffusion. Experimental
7support to this was given by Derjguin, Bhattacharya a»i hisg
coworkers proposed an empirical equation inter-connecting
concentration of added electrolyte and time of coagulation in
the slow region. This equation has recently been Justified by
9Ghosh and Gangopadhya on theoretical considerations.
Of the different factors, viz,, deformation of the 
electrical double layer, dehydration, collision of al®ost 
uncharged particles etc., influencing the coagulation of 
colloidal solution, one factor, which appears to be of some 
significance to us, has not been considered by the different 
authors till now. It deals with the kinetic energy of the
(il)
particles possessing residual change. It appears quite probabl< 
that this energy may he quite sufficient to overcome the 
repelling action of charged particles thereby bringing about 
coalescence. Based on this assiMption we have attempted to 
derive an equation which interestingly enough has taken ttoe sam( 
form as the Smoluchowski»s equation for slow coagulation.
Suppose only particles having an average critical energy 
are responsible for effective collision, when e has got many 
degrees of freedom, then the probability of the moleciaes havinj 
the average energy e is given by^^*
-^/kT , S/2-1
e (~^KT)IS _ ^ere S is the degree of♦ m - , .-r— ,
freedom,
If n^ is the number of molecules then l/KT 3 n^/yE
-3 ^  n*/yE S/2-1e (3 n/yE)P ~ ................ Let^ n is total numbez|S/2"1 of molecules
Putting 3e/yE 5, K and (S/2-1) x B
then -K J n  B B
e K T nP = ------------1:-----
JB.
(ill)
For a single particle the number of collision is tA’BD 
C X  n r. a-j) "wbiere n^ is the nmbar of n doublets*
\
Since in our case only the particles having an excess
average energy ^re responsible for collision.and the
-K jr n B
probability for this is given by Ae J  n _____
Hence total nmber of particles having the excess energy will b<
^  -K —  B,Z n Ae ji n
Therefore the number of collision in Unit time will be
^  B -KN V
S ^ R D C ^ n A ^ ^ n  e - n ^ ) n ^ s 8  7\BJ> (A n^ e n .
Where Y = 1 i B
Since K <^ \ the number of collision will be positive.
yThus dn^ / dt s 8 T^BD n^  - 8 KW> ikjii e -
y "KT n
or dn^  / dt s - 8 K  KD A n n.| e
ythe doublets will decrease at the rate of 8 t^BD Aj"n n.
e
^ y -KT"“dng/dt = 8 ^RD C n^ /2-]^A^ n e )
Similarly the triplets will decrease at the rate of
_  ^  y - K n8 A BD A ^ n  ru e
(iv)
a “ 1no (4 A BD not)
y -Kno m - 1 
(1 - 4 BD A no e t)
On fairfcher calculations
Y y dKnoy -KZ>n no d 
21n e s.-------- ------------
The solution of the differential equations is
(1 -f 4 X ED A no e t)
Or e
K T n
Or Jja, y/e s
Or T n >
yno
-Kno _
(1/e 4 4 TKrd A yno % )
yno
'
Kiao y (e 4 BD A no X )
yno
(1 Kno t 4 BD A yno t)
Since 1/y /  JL no
..................-  ^ - .................  - I
T/y y T7vf
( Ifjs: n) ( 1 i Kno t 4 KBD A no U) ^
/
put l/s| b and expanding and neglecting hi^er powers Toel 
sisall.
non = __________________:__ _________
17^
1 t Kb n C 1 b Kno t b 4 IT BD A no i)
(V)
put b 4 7n BD a  no J a C1/b
or
1 t Kb ( I t  bKno + Cl)
1 1  Kb r  n ^ 1 ±  Ifitoo -f C ^
Jji no
Clor — i-Kb - --- 4 tK
no no
1 1 C ior — s —  f.
no no
or ^ n no
1 t  C t
^^efsbehges
/
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